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Summary

A thrust-vectoring axisymmetric (VA) nozzle and

a spherical convergent flap (SCF) thrust-vectoring
nozzle were tested along with a baseline nonvectoring

axisymmetric (NVA) nozzle in the Langley 16-Foot
Transonic Tunnel at Mach numbers from 0 to 1.28

and nozzle pressure ratios from 1 to 8. Test parame-

ters included geometric yaw vector angle and unvec-

tored divergent flap length. No pitch vectoring was
studied. Nozzle drag, thrust minus drag, yaw thrust

vector angle, discharge coefficient, and static thrust

performance were measured and analyzed, as well as

external static pressure distributions.

The NVA nozzle and the VA nozzle displayed

higher static thrust performance and discharge co-

efficients than the SCF nozzle throughout the noz-

zle pressure ratio (NPR) range tested. The low dis-
charge coefficients of the SCF nozzle were influenced

by sharp corners at the nozzle throat. Increasing

the divergent flap length under static conditions did
not affect the internal performance of either the NVA
nozzle or the SCF nozzle. The NVA nozzle had

higher overall thrust minus drag than the other noz-

zles throughout the NPR and Mach number ranges

tested. The SCF nozzle had the lowest jet-on nozzle
drag of the three nozzles throughout the test con-

ditions. At subsonic speeds, the SCF nozzle had

better performance at lower values of NPR, and the

VA nozzle had better performance at higher vahms

of NPR. At supersonic speeds, the VA nozzle had
higher performance at all NPR's tested. For the SCF

nozzle, increasing the divergent flap length reduced

the overall nozzle drag and increased the thrust mi-

nus drag throughout the Mach number range tested.

The same was true for the NVA nozzle in supel'-
sonic flow. However, in subsonic flow, the thrust

minus drag decreased, and the nozzle drag increased

with nozzle length. The SCF nozzle provided yaw

thrust vector angles that were equal to the geomet-
ric angle and constant with NPR. The VA nozzle

achieved yaw thrust vector angles that were signifi-
cantly higher than the geometric angle but not con-

stant with NPR. Nozzle drag generally increased with

increases in thrust vectoring for all the nozzles tested.

A large increase in the SCF drag occurred as yaw
vectoring was increased from 10 ° to 20 °.

Introduction

Performance requirements for the future gener-
ation of fighter aircraft have established the need

for improved agility and control in the high-angle-

of-attack flight regime (ref. 1). In pursuit of this
goal, research into augmenting aerodynamic control

with engine-assisted control by vectoring the engine

exhaust has been in progress for many years. Stud-

ies have shown that equipping a fighter aircraft with

thrust-vectoring nozzles can increase its survivabil-
ity by enhancing its maneuverability and turn rate

(ref. 2). Attitude control that is independent of the

aerodynamic control surfaces will also improve the

nose-pointing capability of the aircraft in the high-

angle-of-attack and poststall flight regimes. Thrust

vectoring has also been shown to improve short field

operations (ref. 3). Substantial research has been
conducted into thrust-vectoring nozzles that provide

pitch-only control (refs. 4 to 7). More recent efforts

have been dedicated to developing efficient multiaxis

(pitch plus yaw) thrust-vectoring nozzles in order

to take full advantage of the benefits of the thrust-

vectoring concept.

This report presents the results from a wind-
tunnel study of the uninstalled performance of two

basic multiaxis thrust-vectoring nozzle designs: a

vectoring axisymmetric nozzle and a vectoring

spherical convergent flap nozzle. The axisymmetric

nozzle achieved thrust vectoring by deflection of only

the divergent section of the nozzle (ref. 8) in the de-

sired direction of thrust. The spherical convergent
flap nozzle combined a ball-joint gimbaling mecha-

nism for yaw vectoring and hinged, two-dimensional

divergent flaps for pitch vectoring to achieve simulta-

neous multiaxis thrust vectoring (refs. 9 and 10). No

pitch vectoring was studied in this investigation. A
baseline nonvectoring axisymmetric nozzle was also

tested for comparison.

This investigation was conducted in the Langley

16-Foot Transonic _lSmnel on an isolated nacelle (no
wings or tails) with propulsion simulation capability

at Mach numbers from 0 to 1.28 and nozzle pressure

ratios (NPR's) ranging from 1 to approximately 8,
depending on Mach number. Angle of attack was

held constant at 0 °. The effects of varying nozzle

divergent flap length and geometric yaw vector angle
were studied.

Symbols

All forces and moments are referred to the sta-

bility axis system with the model moment reference
center located at model station 42.390. The data

reduction procedure and the aerodynamic force and

moment terms and propulsion relationships used
herein are discussed in reference 11.
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nozzle exit area, in 2

cross-sectional area enclosed by seal

strip, in 2
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maximum model cross-sectional area,

in 2

nozzle throat area, in 2

nozzle expansion ratio

reference length, 7.34 in.

aft-end drag coefficient,
qo5

C O = Co_ f at NPR = 1 (jet off)

drag-minus-thrust coefficient,

Drag minus thrust
qoS

nozzle drag coefficient, qDo--_

thrust coefficient along stability axis,
F

ideal thrust coefficient,

side-force coefficient,jet

aft-end aerodynamic yawing-moment

coefficient, Cn = Cn,t at NPR = 1

(jet off)

jet yawing-moment coefficient,

Yawing moment
paS

total aft-end yawing-moment coef-

ficient, including thrust component,
Yawing moment

qoSb

pressure coefficient, p-poqo

aft-end aerodynamic side-force coef-

ficient, Cy = Cy, t at NPR = 1 (jet

off)

total aft-end side-force coefficient in-

cluding thrust component, Side force
qoS

drag

friction drag on afterbody from
MS 47.762 to MS 56.012

nozzle drag including skin friction, lbf

pressure drag on afterbody from
MS 47.762 to MS 56.012

height of SCF nozzle throat, in.

throat diameter (or equivalent diame-
ter for rectangular throat), in.

width of SCF nozzle throat, in.

F

FA,bal

FA _II1OITI

Fi

F_

Fs

g

L/

Ln

M

NPR

(NPR)des

P

Pa

Pes

Pi

Po

Pt,j

qo

Rj

r

ra_rb

S

Tt,j

wi

Wp

measuredChrust along stability axis,
lbf

axial force measured by force balance,
lbf

momentum tare axial force due to

bellows, lbf

ideal isentropic thrust,

_j /RjTt,j 2,_ [ 1 (2-1)/'_]pV g--_.:.__--z-i-_ - (pt2-_j) ,lbf

measured resultant thrust, lbf

measured jet side force, lbf

gravitational constant, 32.174 ft/sec 2

divergent flap length measured aft
from nozzle throat to nozzle exit, in.

length of nozzle measured from nozzle
connect station to nozzle exit, in.

Math number

nozzle pressure ratio, _ or _
Pa Po

design nozzle pressure ratio

local external static pressure, psia

ambient pressure, psia

average static pressure at external
seal, psia

average internal pressure, psia

free-stream static pressure, psia

average jet total pressure, psia

free-stream dynamic pressure, psia

gas constant (for 7 = 1.3997),

1716 ft2/sec2-°R

radius of body or nozzle, in.

SCF nozzle radii (table 3(c)), in.

model maximum cross-sectional area,

42.314 in 2

jet total temperature, °R

ideal isentropic weight flow rate (for

( 2 )2(_-1)NPR > 1.89), Atpt,j

x _, Ibm/see

measured weight flow rate, lbm/sec



x

YM

Ya , Zb

y!

7

_v ,y

5y

¢

axial distance measured from nozzle

connect station (MS 56.012), positive
downstream, in.

measured jet yawing moment, in-lb

coordinates for SCF nozzle radii

(table 3(c)), in.

lateral offset distance from model

centerline to nozzle divergent passage
centerline for vectored VA nozzles,

positive to left looking upstream

(fig. 5), in.

ratio of specific heats, 1.3997 for air

geometric yaw vector angle, deg

measured yaw thrust vector angle,

tan-l(Fs/F), deg

angular location on model specifying
location of static pressure tap rows

(looking upstream, ¢ = -90 ° is left,

¢ = 0° is top, and ¢ -- 90 ° is right),

deg

Abbreviations:

C-D

MS

NVA

SCF

VA

2-D

convergent-divergent

model station, in.

nonvectoring axisymmetric nozzle

spherical convergent flap nozzle

vectoring axisymmetric nozzle

two-dimensional

Apparatus and Procedures

Wind Tunnel

This investigation was conducted in the Lang-

ley 16-Foot Transonic Tunnel, a single return, atmo-

spheric tunnel with a slotted, octagonal test section
and continuous air exchange. The wind tunnel has

a variable airspeed up to a Mach number of 1.30. A

complete description of this facility and its operating
characteristics can be found in reference 12.

Single-Engine Propulsion Simulation

System

The nozzles were tested on an isolated, single-

engine propulsion simulation system that was

mounted in the wind tunnel by a sting/strut sup-

port system. A photograph showing the installation

of this system in the wind tunnel is shown in fig-

ure l(a). A sketch of the propulsion simulation sys-
tem is presented in figure l(b). The axisymmetric

forebody, which consisted of an ogive-cylinder up to

MS 40.890, was nonmetric (not attached to the force

balance). The metric portion of the model aft of

MS 40.950, which was supported by the force bal-

ance, consisted of the propulsion system, centerbody,

afterbody, and nozzles. All nozzles connected to the

afterbody at MS 56.012. Table 1 presents the ex-
ternal geometry coordinates for both the fixed fore-

body and the metric afterbody up to MS 56.012. A

0.06-in. gap was placed between the fixed nonmetric

forebody and the metric afterbody at MS 40.890 to

prevent fouling of the force balance. A flexible plas-

tic strip was inserted into circumferentially machined
grooves in each component to impede flow into and

out of the internal model cavity.

An external high-pressure air system provided a
continuous source of clean, dry air at a controlled

temperature of about 70°F at the nozzle. The air
was routed through the sting/strut support system

into the nacelle and through a flow transfer system

to the nozzle. The flow transfer system, shown in

figure l(b), was designed to transfer the air to the

metric portion of the model with minimal effect on
the force balance. The air passed through the sup-

port strut and into a high-pressure plenum in the
nacelle. The transfer across the balance was accom-

plished by discharging the air radially into a metric,

low-pressure plenum through a set of eight, equally

spaced, sonic nozzles. Two flexible metal bellows
acted as seals and served to compensate for the axial

forces caused by pressurization. The air then flowed

through the plenum, into an instrumentation section,

and out through the nozzle. This flow transfer sys-
tem minimized the transfer of axial momentum from

the airflow to the force balance.

Nozzles

Nozzle concepts. Two basic nozzle designs were

tested in this investigation: an axisymmetric nozzle

and a spherical convergent flap nozzle. Sketches of

these nozzle concepts are shown in figure 2. The

axisymmetric nozzle was subdivided into two groups:
a nonvectoring axisymmetric (NVA) nozzle, similar

to the type in use on current fighter aircraft, and a

vectoring axisymmetric (VA) nozzle. The VA nozzle

was similar in design to the NVA nozzle, except that
multiaxis thrust vectoring was achieved by deflection

of the divergent section of the nozzle. On a full-

scale nonvectoring nozzle, the divergent section of the
nozzle is made up of many overlapping flaps hinged at

the throat (fig. 2). In the VA modified version, these
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hingesarereplacedwithballjoints.Deflectionofthe
divergentsectionflapsandsealsintoandawayfrom
the nozzlecenterlineis accomplishedby pushrods
connectedto a tilting synchronizationring. In order
to accommodatethevectoringlinkageandactuation
mechanisms,anincreaseinnozzlevolumeisrequired,
whichresultsin abulgein theexternalcontourofthe
nozzle.

Thesphericalconvergentflap (SCF)nozzlecom-
binedan axisymmetriccrosssectionat the noz-
zle connectstationwith a two-dimensional(2-D)
exit plane (fig. 2). This nozzleconceptprovided
multiaxisthrust vectoringby deflectingthe upper
andlowerdivergentflapsfor pitchcontrolandgim-
balingthe entire nozzleabout a ball joint in the
horizontalplanefor yawcontrol,allowingthe noz-
zle sidewallsto be fixed. The axisymmetricand
sphericalconvergentflap nozzlesareboth axisym-
metricat theirconnectstations,providingstructural
efficiencyandallowingthe externalshapeto blend
into the roundedenginenacelleson typical fighter
afterbodies.

Nozzle models. The subscale nozzles tested dur-

ing this investigation are fixed geometry representa-

tions of variable geometry nozzles at a dry power or

cruise power setting. All nozzle configurations had

a nominal throat area of approximately 6.7 in 2, an

expansion ratio of 1.30, and a design NPR of 4.64.

The configurations and some basic nozzle geometric
data are listed in table 2. The nozzle geometric pa-

rameters studied in this investigation were divergent

flap length and geometric yaw vector angle. In this
report, divergent flap length is specified as a ratio to

the nozzle throat diameter, Ly/dt. Geometric yaw

vector angles _v,y of 0°, 10 °, and 20 ° for the VA and
SCF nozzles were tested. The pitch vector angle was
held constant at 0 °.

A sketch of the nonvectoring axisymmetric nozzle

is shown in figure 3, and external coordinates are

given in table 3(a). The NVA nozzle was tested with

divergent flap lengths of Ly/dt = 0.94 and 1.42. A
photograph of the nozzles is shown in figure 4. It is

important to note, however, that the nozzle exit area

was fixed. Therefore an increase in divergent flap

length is accompanied by a decrease in both divergent
flap angle and external boattail angle.

The vectoring axisymmetric nozzle is shown in the

sketch of figure 5(a). The VA nozzle was tested only

with a divergent flap length of Lf/dt = 0.94 and with
geometric yaw angles of 0°, 10 °, and 20 °. The differ-
ence between the unvectored VA nozzle and the NVA

nozzle (Ly/dt -- 0.94) is shown in figure 5(b). The
extra volume required for the synchronization ring

(used for thrust vectoring) in the VA nozzle results
in a bulge in the external contour. Photographs of

the VA nozzles are shown in figure 6. External sur-
face and centerline coordinates for the VA nozzles are

presented in table 3(b).

The spherical convergent flap nozzle, shown in fig-

ure 7, was tested at L.f/dt = 0.94, 1.20, and 1.46. It
should be mentioned that the "effective" divergent
flap length of the SCF nozzle would be shorter than

the actual divergent flap length because'the sidewalls

were shorter than the 2-D flaps. The effective values

of Ly/dt of the SCF configurations, based on the av-
erage length of the sidewalls and flaps, would be 0.71,
0.90, and 1.10. Therefore, in this report, comparisons

between the NVA, VA, and SCF nozzles were made

at Ly/dt = 0.94 for the NVA and VA nozzles and

at Lf/dt = 1.20 (effective ratio of 0.90) for the SCF
nozzle. A comparison at these length ratios prob-

ably provides the most meaningful comparison be-
tween these nozzle configurations. The SCF nozzle

with Lj,/dt = 1.20 was tested with yaw vector angles
of 0°, 10°, and 20 °. Photographs of these nozzle con-
figurations are presented in figure 8. External nozzle

coordinates are presented in table 3(c).

Instrumentation

Forces and moments on the afterbody and nozzle
(aft of MS 40.950) were measured by a six-component

strain-gauge balance. A critical-flow venturi system

(ref. 13) outside the wind tunnel was used to mea-

sure total weight flow of air through the nozzle. Jet
total pressure and total temperature were measured

by probes in the instrumentation section immediately
upstream of the nozzle. Pressures from nine total

pressure probes, installed on a rake across the instru-

mentation section, were used to calculate an aver-

age total pressure for the jet. External-seal pressures

were measured by six pressure taps in the seal gap
at the metric break. All external seal orifices were

located on the nonmetric forebody and were spaced

symmetrically about the model perimeter. Four in-
ternal pressures were measured at the metric-gap sta-

tion. These pressure measurements were then used

to correct the measured forces and moments for pres-

sure area tares, as discussed in the Data Reduction

section. These pressures and the jet total pressures

were measured with individual pressure transducers.
Three rows of external static pressure taps were lo-

cated on the upper and side surfaces of the afterbody
and nozzle in order to determine the effects of nozzle

geometry and exhaust jet interactions with external

flow in the afterbody/nozzle region. The pressure tap
distribution on the nozzles was not considered suffi-

cient to perform an integrated pressure-area analysis



for thenozzles.Suchananalysiswas,however,per-
formedfor the afterbodyto separateits dragcon-
tributionfromthat of thenozzles.Thelocationsof
the tapsaretabulatedin table4. Thesepressures
weremeasuredwith electronicallyscanningpressure
devices.

Tests
This investigationwasconductedin theLangley

16-FootTransonicTunnelat Machnumbersof 0.60,
0.80,0.85,0.90,0.95,1.20,and 1.28.Eachthrust-
vectoringnozzlewas testedat Machnumbersof
0.60,0.80,0.90,and 1.20. Nozzlepressureratio
(nozzletotal pressureto tunnel free-streamstatic
pressure)wasvariedfrom1(jetoff)to approximately
8,dependingonthefree-streamMachnumber.Angle
of attackwasheldat 0° throughoutthe test. The
Reynoldsnumberrangedfrom 3 x 106to 4 x 106
per foot throughoutthe test. A boundary-layer
transitionstrip, 0.10in. wide,consistingof No. 100
siliconcarbidegrit sparselydistributedin a lacquer
film, wasapplied1.0in. downstreamof thenose.

Surfaceflowvisualizationdatawereobtainedfor
the 10° yaw-vectoredSCFnozzlebyusingamixture
of linseedoil paint, temperapaint, and kerosene.
Datawereobtainedat Mach0.70with the jet on.
The tunnel flow evaporatedthe kerosene,leaving
a residueshowingthe surfaceflowpatternson the
model. Althoughanalysisbasedon this type of
flowvisualizationis fairly subjective,it canprovide
insightintotheflowbehavioronandnearthepainted
surface(ref.14).

Data Reduction
Datafromboththemodelandthewind-tunnelin-

strumentationwererecordedsimultaneouslyonmag-
netictape. At eachtest point, 50samplesof data
wererecordedovera 5-secperiod.Thesampleswere
averaged,and theseaveragevalueswereusedfor
all computations.All aerodynamiccoefficientswere
referencedto modelmaximumcross-sectionalarea
(42.314in2).

The balanceforcemeasurements,from which
actual thrust was subsequentlyobtained, were
correctedfor modelweighttaresandbalanceinter-
actions.Althoughthe bellowsarrangementwasde-
signedto eliminatepressureandmomentuminter-
actionswith thebalance,smallbellowstaresonall
balancecomponentsstill exist. Theseresidualtares
resultfrom a smallpressuredifferencebetweenthe
endsof thebellowswheninternalvelocitiesarehigh
andalsofromsmalldifferencesin theforwardandaft
bellowsspringconstantswhenthebellowsarepres-
surized.Asdescribedin reference12,thesebellows

(momentum)taresweredeterminedby testingcali-
brationnozzleswithknownperformanceoverarange
of expectedside-forceandyawing-momentloadings.
Thebalancedatawerethencorrectedin a manner
similarto that discussedin reference11.

At staticconditions,theresultantgrossthrustFr

(used in the resultant thrust ratio Fr/Fi) was then
determined from the individual corrected forces F

and Fs and ideal thrust Fi, defined for isentropic
flow in the Symbols section of this report. Resultant

thrust vector angle 6y, also defined in the Symbols
section, is presented for evaluating the exhaust-flow

turning capabilities of the various nozzles tested.

Nozzle discharge coefficient wp/wi is the ratio of
measured weight flow rate to ideal weight flow rate,

where ideal weight flow is based on jet total pres-

sure Pt,j, jet total temperature Tt,j, and measured
nozzle throat area At (see Symbols section). Nozzle

discharge coefficient is then a measure of the ability

of the nozzle to pass weight flow and is reduced by

boundary-layer thickness and nonuniform flow in the
throat.

At wind-on conditions, thrust minus drag was

obtained from the following equation:

F - D = FA,ba I + (Pes -- po)(Amax - Ai)

+ (Pi - po)Ai - FA,mom

The first term, FA,bal, includes all pressure and
viscous forces (internal and external on the afterbody

and nozzle and thrust system). The second and
third terms account for the exterior and interior

pressure forces acting at the metric break. The

fourth term, FA,mom, is the momentum (bellows) tare
force previously discussed. Thrust minus nozzle drag
is then determined from the equation

F- Dn -= (F- D) + Df + Dp

where the last two terms are the friction drag and

pressure drag (integrated from static pressure mea-
surements) of the afterbody from MS 40.950 (metric

break) to MS 56.012 (nozzle connect station).

The attitude of the nonmetric forebody was de-

termined by a calibrated attitude indicator in the

model nose. Angle of attack, which is the angle be-
tween the afterbody/nozzle centerline and the rel-

ative wind, was determined by applying terms for

afterbody deflection (caused when the model and
balance bend under aerodynamic load) and a term

for tunnel flow angularity to the angle measured by

the attitude indicator. The tunnel flow angularity

5



correctionwas0.1°, whichis theaverageupflowangle
measuredin the 16-FootTransonicTunnel(ref.12).

Thethrust-removed(nozzle)aerodynamicforces
andmomentswereobtainedbydeterminingthecom-
ponentsof thrustin axialforce,sideforce,andyaw-
ing momentandthensubtractingthesevaluesfrom
themeasuredtotal (aerodynamicplusthrust)forces
andmoments.Thesethrust componentsat forward
speedsweredeterminedfrom measuredstatic data
andwereafunctionofthefree-streamstaticanddy-
namicpressures.

Presentation of Results

The results of this investigation are presented in

both tabular form and plotted form. Static and aero-

propulsive performance data for all the nozzle con-

figurations tested are presented in tables 5 to 14.

Tables 15 to 24 present external static pressure coeffi-

cient data for these same configurations. Two param-

eters are used to illustrate the effects of varying noz-

zle geometric parameters on the nonvectored nozzle

performance characteristics: the aeropropulsive per-

formance parameter (F- Dn)/F i and the nozzle drag

coefficient CD, n. These data are shown as functions
of nozzle pressure ratio for each of the Mach numbers

tested. These two parameters are also summarized as

functions of Mach number at a nozzle pressure ratio

of 4.5, near the design NPR of 4.64. Although dis-
cussion of the results at this pressure ratio and Mach

number would generally be applicable to other nozzle
pressure ratios, the relative difference between com-

parisons may vary. Data for various nozzle configu-
rations are presented in figures 9 to 34 as follows:

Static (M = 0) data at _fv,y = 0° for--
NVA, VA, and SCF nozzles ...............................

Divergent flap length, NVA nozzle .............................

Divergent flap length, SCF nozzle .............................

Effect of nozzle configuration at _fv,y -- 0 ° for--

Basic aeropropulsive performance .............................

Summary of aeropropulsive performance ..........................

Basic nozzle drag coefficients ...............................

Summary of nozzle drag coefficients ............................

Static pressure distributions ...............................

Effect of NVA divergent flap length at _v,y = 0° on--

Basic aeropropulsive performance .............................

Summary of aeropropulsive performance ..........................

Basic nozzle drag coefficients ...............................

Summary of nozzle drag coefficients ............................

Static pressure distributions ...............................

Effect of SCF divergent flap length at _v,y -- 0 ° on--

Basic aeropropulsive performance .............................

Summary of aeropropulsive performance ..........................

Basic nozzle drag coefficients ...............................

Summary of nozzle drag coefficients ............................

Static pressure distributions ...............................

Static (M = 0) data for yaw-vectored configurations (_v,y -> 0°) for--
VA nozzle .......................................

SCF nozzle .......................................

VA and SCF nozzles ...................................

Yaw-vectored aeropropulsive characteristics for--
VA nozzle .......................................

VA static pressure distributions ..............................

SCF nozzle ........................................

SCF static pressure distributions .............................
VA and SCF nozzles ...................................

Figure

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34
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Discussion of Results

Nozzle Static Performance--Nonvectored

Comparison of NVA, VA, and SCF noz-

zles. The internal p(?rfornmncc of the nonvectof

ing axisynmwtric (NVA), tile vectoring axisymnwtric

(VAt, and tim spherical ctmv(wg(mt flap (SCF) noz-

zles in the unv(?ctort_d configuration is shown in fig-

ure 9. All thI'('e nozzh's exhibit(?d tit(' static thrust

behavior of tYt)ical conv(,rg(mt-div(wg(,nt n(tzzles. At

low NPR's, the resultant thrust rat|() of each noz-

zh' increased rapidly with increasing NPR, reach-

ing a max|taunt vahw at. NI)R _ 5.5. and gradually

(h,('roas(,d at high('r NPI/'s. The (h'sign NPR of a

('onv(,rg(,nt-div(,rg('nt nozzh' can b(' <h,t(,rufinc(t fi+om

is(,ntropic theory t)y using tit(' area ratio from the

thr()at l(t th(' exit plan(': it is lit(, NI)R at whi('h the

flow should b(, fully ext)and('d and peak thrust per-

forntan('(' sit(mid occur. All the nozzh,s ha(t an (,x-

t)ansi()n ratio of at)pr()xintal(qy 1.3, corr(,sponding to

it design NPR ()f approxintat('ly 4.(i4. The NVA and

VA n()zzh,s r(?a('h('d th('ir t)('ak r(,sullant thrust ratios

b('|WC('It NPR = 5 and 6. Tit(' SCF nozzl(' r(,a('h('d its

peak r('sullant thrust ratio ('los('r t(t NPR = 6. Th('

low value of <tis('hargc ('o(,fli('i('nt of tit(' SCF nozzle,

shown in tit(' slit:It(, tigur(', r(,ti(,('ts a small('r (,tt'(,('tiv(,

tt()w ar(,a at th(' throat, whi('h in till+It would in('roas('

lh(' (,tf(wtivc ('xit-t()-thr(mt ar('a ratio and ('aus(, ot)-

timmn l)('rfl)rntan('( ' to shift t() a highor Nt'I{. The

low vahw ()f dis('ltargc ('o('[[i('icnt of tit(, S(TF nozzh'

is t)r(d)al)ly tit(' r('sult of the it(>w not t)(,ing abh' to nc-

g()tiat(' the s]mr t) turn at the thr(mt (('h>sc to !)()_' on

the ut)t)('r aml h)wt'r surt'a('('s, as sit()wn in tigur(' 7).

A sct)aratit)n bubbl(' f()lntin/at tit(' throat would r('-

du('(' tit(' (,ff(,('tivo ar('a f()r ' 'passing th(' ('xhaust. It

sltoul(l i)c n()t('(t thai lit(' cxa('t exit ar('a of tit(' S('F

no××h' to b(, us(,_l for analysis ('amtot t)(' (h'tcrntin('([.

1)v('aus(' lit(' walls ()f th(' (liv(,rg(,m ilat) are of un('(lua[

l('ngth, t)rt,vious inv(,stig;atitms into short('nim4 tit('

sid('walls <)f 2-1) ('-I) n(_zzl(,s hay(' t)(,(,n in('(m('lusiv('

its It) th(' ('tt'(wt ()n tho cfl'('('t iv(' ('ximnsi()n rat i,, (r('fs. 7

and 151.

The NVA nt)zzh' <tisl)lay('{l tit(' high('sl rcsltltanl

thrust l)(,t+[(>rllI;itl('( ` ()f Ill(' lllr('t' tl()zzh's, iF}It' tltiV(,('-

torctl tln'ust l)('rf()rlnan('c and ,Iis('harg(' ('(>(,f[i('it,nt.s

t)f t}t(' VA n<)zzh' wt'r(' ('h)sc to t h()s(' ()f tit(' NVA tl()z-

zh'. whi('h was ('Xlt('('l('d. its lit(' int('rnal g(,tmwtri(,s

w(,r(' (h,sign('(t It)1)<, virtually t}t(' SHill('. _[']lt' S('t +' tl()Z-

zh' hml th(' h)w<'st int('rtml t)('tf(Jt+nlatl('( ` ()f the thrt,('

n()××l('s, tu()st lik(,ly a t(,sull ()f th(' shar 11 ('orn(,r nt titc

liO/:,,:h' thr(_nt. ,q('l: n()zzl('s wit}t r(n|n(Icd ('()rtwrs at

th(' tltroat have t>('('n sh(>v,n t()Itavc high('r int('t'nal

t)('rft_t+lnan('c than thoso with shar 1) ('()tn('rs (rift. I(11.

Effect of divergent flap length. Th(, (,fh,ct of

varying (tiv(wgent flap length on tit(' static internal

])('rf(trnmncc of the NVA nozzh' and tit(' tmv('ctorc(t

S(!F nozzle is shown in figures l0 and l l, resl)('c-

lively. Tit(' resultant thrust ratio was not athwt('d

})y varying the (tivergent flap length of (,ith(,r noz-

zle. ln('r(+asing tit(? flap h'nglh of tit(' NVA nozzh'

rt'sulted in a small at)l)ar('nt increas(, in discharg(? ('o-

('tti('i('nt. The in(:reas(? was likely a flmction of th('

a('('ura('y of the g('Olllctri(' thr()at area llt('itSllr(qtt(Hlt.

()n('(? th(" nozzh' r(,a('h(,s tit(' "'('hokc'" Nt'R (at)proxi-

tnat<qy 1.89), its w('ight flow ('haracteristics art' fix('(t,

and g('onmtri(: alterations (]ownstr('ant t)f the throat

,:;mnot f('(,(t ut)str('ant through tit(' supi,rsonic flow.

The discharge co(,tti('i(,nt of the S('F n()zzl(', shown

in figure 1 l, was also n('gligitd,v att'o('t(,d 115" i(,ngth('n-

ing tim flat)s.

Performance at Forward

Speeds Nonvectored

Comparison of NVA, lirA, and SCF noz-

zles. Th(, a('r()t)r()l)ulsiv(' t)('rf(wtnanc( ' and n()zzh'

drag ('o('fti('i('nts f()r tlt(' NVA. \:A. and S('F nozzl('s

arc shown in tigurcs 12 It) 15. Figur('s 12 and 1,1

c(mt ain t h(' thrttst-nfinus-nt)zzh'-<Irag an<l nt)zzh' (lt+ag

,lata at all NPR's and Math tnttni)('rs t(,st<'(]. Th(,sc

tiara art' smmnarizcd in tigurcs 13 and 15 at NPR

- 1.5. Figure 15 inchtdcs a stmtnmry plot (_t+jot-off"

nt)zzh' drag coctticicnts. Tlw NVA amt VA nozzh'

_lata l)res('ntt'd in these tigttros arc for (livorgcnt flap

h'ngths of Lf/dt = I).9-1. Th('(lata fl)r ttt('S('F noz-

zh' art' i)r('s('nt('(I for tit(' Lf/dt 1.2/) tta I) h'ngth.

As (tis('uss('d carl|or, this nozzh' has an (,quiv,_d(,nl

l('ngth ratio ()f Lf/dt - 0.9() (arriv(,d al by avoraging

th(' h'ngths <)f tit(' sid('wails and flaps), making titis

nozzh, an al)l)rOl)rial (' ('ll()i('(' for ('()rot)arts< m wit h I it('

()lh('l" tw() tlOZZ]('N.

Th(' NVA nt)zzh' t.ul ('(lual or highcr lhrust minus

n()z×h' (h'a_ th;.tll t]ic (>thor tw() n()zzh's at almt_st all

Ma('h ntttnl)(,rs and t)rcssttt'c ratii)s tcsl<'(l (fig. 121.

Tit(' high('r l)('rfot+nmtt('o t'tw th<' NVA t,):,:×h' is mainly

a result eft" tiffs n(>/zlo lmving grcatt'r tltrust (fig,. 9)

and, in sonic cases, l<)wtq (lt+aK l}tan th(' ()thor tv,o

+,)××h's. ()f the S('[: nnd VA n()zzh's at sut)sl)lli('

sp('('<ts, tit(' St'f: n()/×h' lt;t(l Ilw I_(,tt_'r 1)('rf,_tlll.tw( '

at h)w('r vahws ()f NI'I{. wh('r('as tit(' V:\ n_)×zh' h_,l

th(, t)('ttlT F,crf(Jrmatwc at hiv, h('t + valu('s <)t NI_I{+ At

sutwrs()ni( ' Sl)(,('ds. tit(' S('F n_)××h' always ha(I tlw

l()wcst lhrttsl-ntintts-n()zzh'-<lra R (lala thr(mg, h_)ut tit('

NI)I{ l'itIlg(' t('st('(].

A .'qllllllll_/tv _)[ lhFil>t-tllillllS-ll()ZZ]('-([I,_/12, _tala at

NPR 1.5 (n('ar <h,sign) is l)r('s('nt('(t in tigut+( ' 13.

:\t)<)vo +11 - I. the NV:\ an(| VA n<,zzl('s ha\c c(ptal



performance, superior to the SCF performance. (Tile

low magnitude of thrust minus drag is indicative

of high supersonic drag.) Below M = 1, the NVA

and VA nozzles again are superior in performance to
tile SCF nozzle except, at. M = 0.95. Here, tile VA

performance decreases, suggesting an early transonic

drag rise.

Nozzle drag data at all Mach numbers and NPR's

tested are presented in figure 14. At nearly all jet-on
test conditions, the SCF nozzle had the lowest drag of

the three nozzle designs. Unfortunately, low internal

perfornmnce resulted in 'the low thrust-minus-drag

performance seen in figure 13.

Nozzle drag is summarized in fgure 15 for both

NPR = 1 (jet off) and NPR = 4.5 (near design).

A transonk: (|rag rise is observed for the VA nozzle

initiating at approximately AI = 0.90. Blowing the

jet has the effect of reducing the nozzle drag at Mach

nunlbers between 0.80 and 0.90; however, tile drag
rise at tll = 0.90 is not affected. No similar transonic

drag rise is observed for tile other nozzles. Again,

one observes that at all transonic Mach nmnt)ers, tile

SCF nozzle has the lowest jet-on nozzle drag.

External static pressure distributions for the three

nozzle configurations are shown in figure 16 for Mach

num|)ers of 0.60, 0.90, aim 1.20 at NPR = 1 (jet-off

coiMitions) and at NPR = 4.5 (near design). Ttle
results at the ()tiler Mach numbers tested are simi-

lar. For reference, the nozzle connect station is at

:r/L, = 0 (MS 56.012); negative vahles of x/L, are
for pressures on the afl erbody (upstream), and pos-

itive vahles are on the nozzle (downstream). These

pressure distributions exhibit expected trends. There

was a slight extmnsion of the flow ahmg the afterbody,
which is consistent with the fact that the afterbody

surface has a small boattail angh_. A stronger ex-

pansion is indicated near tile nozzle connect station,

followed t)y a pressure recovery sufficiently strong
enough in tile subsonic, cases to produce positive

pressure coefficients (negative nozzle drag or thrust).

Base bleeding et%cts will cause an increase in tile

static pressure coefficients with initial jet operation.
Thereafter, NPR h_m little or no effect on tile stalk"

prt_sstlros.

The pressure data for the VA nozzle indicate that
the flow expansion occurs farther aft than for the

NVA or SCF nozzles. The delay in expansion is the

result of the external contour modification required

to house the vectoring nwchanism.

Effect of NVA nozzle divergent flap length.

Tile effect of varying the divergent flap length of

the NVA nozzle on the aeropropulsive parameter

(F - Dn)/Fi and nozzle drag C D is presenled in

figures 17 to 20. As can be seen in figures 17
and 18, increasing the divergent flap length resulted

in a decrease in (F- D,)/Fi at subsonic speeds and

an increase in (F- D,)/Fi at supersonic speeds.

The changes in performance are mainly the result
of differences in nozzle drag, since these nozzles have

similar thrust characteristics (fig. 10). As can be seen
in tile data set in figure 19 and ttle summary data in

figure 20, the nozzle drag coefficient of the shorter

nozzle was equal to or less than that of the longer

nozzle at subsonic speeds but significantly greater at
supersonic speeds.

Afterbody/nozzle surface pressure distributions

for the short and long NVA nozzles are presented
in figure 21. The main effects of increasing divergent

flap length were a reduction ill the expansion region

around the nozzle shouhter and a pressure recovery

to lower pressures at the trailing edge. The short

NVA nozzle had a steeper boattail angle than the
long nozzle because the exit area was fixed. Tile

higher pressure acting on the steep boa(tail surface,

combined with lower skin friction drag (less wetted
area), resulted in lower subsonic drag for tile shorter

nozzle. At supersonic speeds, the increase in nozzle

drag for the shorter nozzle is probably the result of

the stronger initial expansion of the flow that occurs
at the nozzle shoulder.

Effect of SCF nozzle divergent flap length.

The effect of flap length on the aeropropulsive pa-
rameter for the SCF nozzle is shown ill the data set

of figure 22 and the suninlary data of figure 23. At

I)oth sut)sonic and supersonic st)eeds, (F - Dn)/Fi
generally increased with increasing flap length. This

t)ehavior was primarily tile result of changes in noz-

zle drag rather than thrust, since these nozzh,s have
essentialJy the same thrust characteristics (fig. 11).

The drag data shown in figures 24 anti 25 indicate

that the SCF nozzle with tile longest flap generally

had the lowest overall drag at all speeds. This result
differs froin the result (tiscussed previously for the

NVA nozzles, in which the longer nozzle had lower

nozzle drag only at supersonic speeds. A study of

tile surface pressure distributions of the SCF noz-

zle in figure 26 shows that the shorter nozzh. (with
larger boattail angle) (lid not have higher t)ressures

acting on the boa(tail at subsonic speeds in con-
trast to the NVA nozzle. As discussed earlier, this

pressure distribution on the shorter NVA nozzle re-

suited in lower sut)sonic nozzle drag. The shorter

SCF nozzle did not have this pressure advantage and
therefore had higher subsonic drag. The ut)t)er flap

pressure distribution was tile most pre(toininantly



affected,and thereforeonly thosepressurecoeffi-
cientsarepresentedin this figure.

At highsubsonicandsupersonicspeeds,thepres-
surerecoveryoll the short flapnozzlewasweakest,
(smallestvalueof Cp), resulting in higher pressure
drag. Closer examination of tile pressure distritmtion

on the short flap nozzle with the jet on suggests a pos-
sible flow separation, as evidenced by the flattened

pressure coefficient profile near the trailing edge. All

tile SCF nozzles have tile same exit area, and there-

fore tile nozzle having tile shortest flap length has

the largest boattail angle. Surfaces with large boat-

tail angles are Inore likely to have flow separation, as

low energy flow canllot negotiate large angle turns.

Nozzle Static Performance--Vectored

VA nozzle. The static internal perfl)rmance fur
the VA nozzle at yaw vectoring angles of 0°, 10 °,

and 20 ° is shown in figure 27. Testing of the VA

nozzle at a yaw angle of 20 ° was restricted to pres-
sure ratios at NPR < 3.5 because of force balance

limitations. Tile VA nozzle displayed an increase in

resultant thrust ratio with increases ill yaw vectoring.
This behavior has been documented in previous stud-

ies, including a 2-D C-D nozzle (ref. 16), a gimballed

axisymmetrie nozzle (ref. 9), and a vectoring axisym-
metric nozzle similar to the VA nozzle of this inves-

tigation (ref. 8). Tile decrease in F/Fi m figure 27
a_s the geometric vector angle is increase(t from 0 ° to

10 ° is consistent with the thrust loss ext)eeted from

(teflecting the thrust approxitnately l0 ° away from

the nozzle axis. lh)wever, yaw thrust vector angles
significantly greater than 10 ° were measured, indi-

cat.ing some overturning of the flow or the existence

of ad(titional pressure loa(ts on the nozzle surfaces.

The precise nature of tile increase in performanee is
not well mlderstoo(t. The t)ehavioral trends in static

thrust are, however, consistent with tile trends pub-

lish('d in th(' static test of a similar configuration in
ref(,rence 8.

The resultant yaw thrust vector angles shown

in figure 27 increased rapidly with increasing NPR
at low t)ressure ratios to angles significantly greater

than the geometric yaw anglo of the nozzle. Accord-

ingly, axial thrust ratio F/F_ decreased with increas-
ing NPI/. Similar results were found for a similar VA

nozzle configuration in reference 8. Internal static

pressure measurements m that investigation showed

regions of significant flow separation on the leeward

(aft-facing) divergent internal nozzle surface at low

NPll's. Substantial increases in turning eifi('iency
were obtained _LsNPR was increased to a level suffi-

cient to eliminate the seI)arated region. At and a|)ove

this NPII, as in this investigation, thrust vector an-

gles well above the geometric angle were mea,sured.

Once the maxinuun thrust veet.or angle was

achieved, by (tecrea.sed sh)wly with increases in NPR.
This effect of nozzle t)ressure ratio on thrust angular-

ity is eOllllllOll ill nonaxisymlnetric nozzles wh(,never

one flap is longer than the other relative t.o the ex-

haust flow centerline (ref. 17). In the present investi-

gation, one side of the divergent channel exten(ts far-

ther downstream than the opposite side, in relation

to the exhaust flow centerline. This type (if nozzh,

geometry presents surfaces of unequal length for flow

expansion, such that near the nozzle exit, the ex-
haust flow is contained on one side and unbounded

on the other side. It is expected thai the nozzle vec-
t()red 20 ° wouht have similar trends with NPR as

the nozzle vectored 10°. Again, |)alance limitations

restricted tile test range of the br.y - 20 ° configu-
ration. Discharge coefficient was a(tversely affected

by increasing the yaw vectoring angle, most likely a

result of a reduetion in etfective throat area possit)ly

caused by a h)cal region of Itow separation.

SCF nozzle. Th(' static internal performance

of the SCF nozzle at yaw vectoring angh's of 0 °,

10°, and 2() ° is shown in figure 28. As was also
seen for the VA nozzle, the resultant thrust ratio of

the SCF nozzle in('r('as('d as the geomelri(' ve('l()ring
angle was increased, m()st signiticantly from 10° t()

20 °. A t)revious investigation ()f a similar SCF nozzle

(ref. 9) showed slight incre_ses of resultant thrust

ratio with in('rease(] yaw ve('toring at positive t)iteh

deflection attgles, but no significant effect was note(t
at a pitch deflection angle of ()°. Again. th(, reason

for this in('rease in ('tfici(,ncy is n()! w(,ll understood.

The SCF nozzle t)rovide(t ('()nslant turning angles

equal to the geometric angle at all t)r(,ssur( , ratios, as
stlown in tit(" h)wer left ph)t of tigure 28, t)('('ausc of

its gimbaling concept for thrust voct()rmg. I)is('harge

coefficient was llllaIfe('t(,(l t)y yaw vectoring.

Comparison of VA and SCF nozzles. The

performance of the VA and S('F nozzles is shown

in figure 29. The (tistin('tion betwe(,n the l)erfor-
lllan('(' chara('teristi('s of the two nozzle designs can

be clearly seen in th(, yaw thrust ve('lor angle data

(5:1). The SCF design, utilizing a gimt)al, t)rovides
constant tu:ning at the pres('ribe(i geomelric angle.

wher(,as the VA ,lozzh' exceeds th(' geom('tri(' angh'
at the cost of in(h't)emh'nc(' from NPR. In a ('omt)ar-
ison of axial thrust, th(, SCF nozzh' has a smooth

performance curve, which is c(mventional ('-I) nozzle
t)ehavior, whereas the VA nozzle saerifit'es a smooth

performance curve for slightly higher ettici(,n('y, for



(5,,.u = 1()° (which is the ()lily' significant comparison
available in this data set).

Performance at Forward

Speeds--Vectored

VA nozzle. The total and thrust-removed aero-

(lynaniic characteristics of the VA nozzle at 6v,y = 0°,

10°, and 2()° are presented in figure 30. Data are

presented at Mach numbers of 0.60 and 0.90 only, as
the (:haraeteristics at the other Mach num|)ers tested

were similar. All data, however, are tabulated in this

report.

In this section, data are presented in coefficient

format rather than perforntanee efficiency (ratio to

ideal behavior) format because actual forces an(t mo-

ments produee(t I)y the nozzle are of interest in wind-
(m thrust vectoring. Drag-minus-thrust coefficient

CI)_ F w_ries linearly with NPR. Increases in CD_ F

with increased vectoring are the result of a reduction
in tit(, axial thrust ('(mq)onent as the thrust ve(:tor is

turn(,(t away from lh(' nozzle c(mlerline.

Aft-end drag coctfi('ient ('1) is COmlmte(t |)y re-

moving lhe static thrust front the wind-on (lrag-
minus-thrust (tata anti is also l)resente(t in figure 30.

Aft-en(t (|rag of tit{, VA nozzle with 5v._j = 10 ° ex-

('ce(ts that of t.h(' nozzles with h,.y = 0 ° arm 20 °.

The aft-en(t pressure (tistri|)utiotts shown in figure 31

(h) not give ttlllch insight into lhe reason for this

behavior. The l)rcssur( ' ([islributi(ms show sepa-

rate(t regions (flal distributions) on the le(,war(t si(h'

(0 = !)()o) ()f both lit(' b,,. v :- 10° and /_,'.*I = 20°
nozzh's and signiti(:anl jet-in(hwe(t effe(:ts ()n the dis-
tritmlions on the win(twar(t (O = -90 ° ) si(tc of the

nozzles. The higher l)ressur(' (m lit(' windward si(le

of th(' g),'41 = 2(}° nozzl(, (jet (m) as conq)ared with

lhe b,,.?j -- 10 ° nozzle could possibly rcsull it, reduced
aft-end (trag. allh()ugh the aft-facing sm'face area (m

lhe windward side of th(' b,.!1 - 20 ° nozzh' is small.

T()tal si(tc-ft)r('(' ('oeiii('ient ('Y.r and lolal yawing-

IltOlll(!ttt ('oetfieicnt ('.,l, for tim VA nozzle, art' l)rc-

scnte(l in tigure 30 as well. Removing th(, thrust con-
lrilmtion from these coe['tici(,nls by using the static

data yiel(ls the side-force an(t yawillg-tttOlll('Ili co('ffi-

('ient s. (?y an(t C,; l hes(_ coetlicients r(,t)rescnt aero-

(tynanlic and jet-in(hwe(t conlrilmlions to tit(' side

for('(' and yawing moments. As shown in figure 30,
these contributions were small but were generally fa-

vorabh' })('('altse they a('tc(t ill It!.(, Sallte (til'(,ction as

thrust. The higher l)ressurc ()n tim windward side

(0 = --90°), shown in tigur(! 31. t)rodu('(,(t a net
side force at the nozzle, adding 1o Ill(' lat('ral jet

('()IIl|)()II(qll.

SCF nozzle. The total and thrust-removed

aerodynamic characteristics of the SCF nozzle at

5,,,._j = 0°, 10 °, and 20 ° are presented in figure 32,
again only at M = 0.60 and 0.90. As with the

VA nozzle, the drag-miims-thrust eoefficients varied

linearly with NPR and included the effect of turning
the thrust vector away" from the nozzle axis. In the
case of the SCF nozzle, the aft-end drag increased

with increased yaw vectoring, with a large increase

front /5_,y = 10 ° to 5v,:j = 20 °. Flow features
identified in the static t)ressurc distributions shown

in figure 33 are higher t)ressures on the win(lward side

(0 = -90°) att(t possible shock-induced separation on
the leeward side of the nozzle (0 - 900) •

The linear behavior of total side-force and total

yawing-montent coefficients, Cy.t and C,,,t, with NPR

(see fig. 32) was similar to that for the VA nozzle.
The thrust-removed coefficients, however, show a

more significant aero(tynamie flap effect _s compared
with the VA nozzle. Again, the difference t)elween

windwar(t and leewar(t pressure (tistributions shown

in tigure 33 cr('ate(t a net favorable side force on the
nozzle. The jet-induced effe(:ts were small, as Cy and

C, were fairly (.onstant with NPI1.

Comparison of VA and SCF nozzles. The
total si(te-fl)rc(, and yawing-moment coefficients of

the VA and SCF nozzles are shown in figure 34 at

/_,'._,/ - 10° anti 20 °, for 31 -- 0.60 arm 0.90. At.

5,,.,j = 10 °. the behaviors of Cy.I and (',.t as flm('tions
of NPI1 at(, more linear for the SCF nozzl(' than

for tit(, VA nozzle. At b,,_ / = 2() °, the C).t arm
(',,.t ('urv(,s of the VA nozzle t)(,eome more lin,,ar as
well. Tit(' for('e and lllOlllellt ellrVes cross (,aeh other

t)etween NPlI = 2 and NPII- 4, such that ;it low

NPR, t|tr SCF nozzle t)ro(ht(:es larger sid(' forc_,s and

yawing monmnts, an(1 at high Nt)R. (he VA nozzle

l)r()(hwt,s the larger loa(ls.

Surface flow visualization. The SCt" noz-

zh' at 10 ° yaw v(,('toring was paitlte(t with ;m oil-

1)ased l)aint for smfaee flow visualization. The Maeh
numt)er was srt at ,'il - 0.70 with the jet (m. Al-

though analysis using this technique is considered

highly subjective. ('(,rtain us(,fltl observations (an be
made. A si(le view of the windward nozzle surface

(l,Urlle(t toward the free-stream fit)w) is t)rcsetl!ed in
figur(' 35(a). This figure shows what al)I)t'ars 1o I)e
smooth, att:,l('hed fl()w over the ntajority of lh(. side-

wall with some spillage onto the UI)l)('r and lower

ftat)s. The (q)t)osite (leeward) side ()f tit(' nozzl(' in
shown in figurr 35(I)). ttere, large eddy regi(ms are

al)l)arenl on most of the nozzle surface, confirtning
the flow s('t)aration suggested by th(' l)rrssure (tistri-
bution shown in figure 33. A rather (tistin(:t line of

10



separationcanbeseenjust downstreamof thethird
pressureorifice. The top andbottonl surfacesare
shownin figures35(e)and 35(d), respectively.A
lineof attachmentis apparentalongeachwindward
edge.This feature,alongwith thespillageseenon
the windwardnozzlesurface,suggestsa rolledup,
longitudinalvortex. The surfacepatternalsosug-
geststhattheflownearthesurNcealigneditselfwith
thenozzleflap,probablyaresultof flowentrainment
with thejet.

Conclusions

An inw,stigation has been conducted in the Lang-

ley 16-Slot Transonic Tlmnel to determine the iso-

lated perfornulnce of a nonvectoring axisynlnletric

(NVA) nozzle, a vectoring axisynlmetric (VA) nozzle.

and a spherical convergent flap (SCF) nozzle. Nozzle
geometric tmranwters studied inchlded divergent flap

lellglh altd geontetric yaw thrllst vector allgle. Tilt'

nozzles were tested tit .Math numbers ranging from

0 to 1.28, and nozzle I)rcssure ratios (NPI/'s) rang-

ing ffOnl 1 to 8. Base(t on the discussion (it" results

presented in this paper, the following conclusions are
IINtde:

1. The NVA nozzle and the unve('tore(t VA nozzle

displayed higher stalk' (wind-off) thrllSl t)erf()r-

mance and discharge coeflieienls than the S(?F

nozzle throughout the NPI/ [allgC lested. The
S(?F nozzle had significantly lower discharge co-

eIIicicnls than the axisynmwtric nozzles, l)()ssibly

because l)fsharp corners at llw nozzle throat,

2. lnt'rcasing the divergent flap length illld('l" slatic
eon(lilions had a negligible eft'eel on the thrust

perfornmlwe of Ill(' NVA and S('['" nozzles.

3. The NVA nozzle had higher overall tilllist Itli-

nus drag than the other nozzles through, mr the
NPl/ and Math mmfller ranges tested. At sub-

sonic speeds, the S(?F nozzle had tit(' })('tier ])er-
formance at lower vahles of NPI{. and the VA noz-

zh' had the betler pcrfornlance at higher values

of NPI{. At sttlt(!rsolli(' speeds, the VA II()ZZI(' }lml

higher perfl)rmanco tit all Nt'R's tested.

1. For the S('F nozzle, increasing the diverg-nl flap

length reduced the overall nozzle dra_ and in-
ei'eased the thrust minus drag through_mt tit('

Math numtler range tested. The same was true
for the NVA nozzle in supersonic flow. llowever.

in sul_sonic t]ow. the thrust minus drag _lecreascd.

and the nozzle drag increased with nozzle length.

partially because of a reduction in pressure recov-

ery on the boaltail.

5. The S('F nozzle provided yaw thrllst vl'('t()l angles

equal to tit(' geometric angle and constant with

6.

NPR. The VA nozzle achieved yaw thrust vector

angles that were significantly higher than the

geometric angle but not constant with NPR.

Nozzle drag increased with increases in thrllst vec-

toring for all the nozzles tested, with the eXCel)-
tion of the VA nozzle as yaw vectoring was in-

creased from 10 ° to 20 °. A large increase in the

SCF nozzle drag occurred as yaw vectoring was

increased froul 1(}° to 20 °. Aerodynanlic flap con-

tributions t,o the yawing-moment coefficient and

side-force coefficient from yaw vectoring were sig-
nificant for ill(, S('F nozzle.

NASA Langley lh'search ('enter
]lalnpton, VA 2::f(i_ 1-00(ll

March 19. t993
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Table 1. Model Coordinates

0.000

1.000

2.0OO
3.000

4.000

5.000

6.000
7.000

8.000

9.000

10.000

11.O00

12.000
13.000

14.000

15.000

16.00()

17.000
18.000

18.500

26.000

27.000

2S.O00
29.000

30.000

31.000

4O.89O

40.950
17.762

49.146

51.274
52.612

53.717

54.693

55.584

56.012

(Metric |)reak)

(Aft(,rbo(ly)

(Nozzle ('()m_ect

station)

r, ill.

0.000

.306

.598

.876

1.140
1.390

1.627

1 ._50

2.060

2.257
2.440

2.611

2.768

2.919

3.045
3.164

3.271

3.364

3.,146

3.481

3.51 ,|

3.570
3.61 _1

3.645

3,664
3.670

3.670

3.670

3.67O

3.629

3.527
3.430

3.331

3.229

3.124

3.070
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Table2. Configurationlast hmlutlingStrawBasicNozzleGeometricData

Configuration Nozzh,type ¢St,q Lf/dt

1

2

3
4

5

6
7

5

9

l0

Nominal llozzlc d;q|:q:

All n()zzh's:
.'it = 6.(i51 in 2
,4, 8.617 in _
A,/,'it -- 1.30
(NPI_),h, _ = 4.61

S('F" nozzles:

d,. 3.500 in.
dh = 1.900 in.
d,./d/_ = 1.8-12

NVA

NVA

VA

VA

S('F
SCF

S('F

SCF

S('F

0 °

0 o
0 o

10 °

20 ')

()°
10 °

20 °

0o

0o

0.94
1 .-12

.9-1

.94

.9-1

1.20

1.20
1.20

.9-1

1..16

14



Table3. NozzleCoordinates

(a) NVAnozzles

Lf/dt = 0.94

hiS, in. :r, in. r, in.

56.012

56.287

56.786
57.281

57.795

58.331

58.906

59.533
60.229

60.622

().000

.275

.774

1.269
1.783

2.319

2.894

3.521
4.217

,1.610

3.070

3.0,15

2.930

2.790
2.620

2.,133

2.250

2.035

1.810
1.670

Lf/dt 1.42

N|S, ill. :r. ill. r, in.

56.012

56.412

56.812

57.212

57.612
58.012

58.412

58.812

59.212
59.612

6//.012

60.412

611.812

61.012
61.212

61.412

61.612
61.812

61.990

0.000

.400

.800

1.200

1.600
2.000

2. 100

2.800

3.200

3.600
4.000

4.400

4.800

5.0(}0
5.200

5.,100

5.600
5.800

5.978

3.070

3.012

2.9,1,1

2.870

2.790
2.708

2.646

2.539

2.451

2.362
2.167

2.167

2.063

2,006
1.945

1.880

1.810
1.738

1.674
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Tabh'3. Continued

(1))VA nozzles

MS,in.
56.012
56.212
56.412
56.612
56.812
57./)12
57.212
57.412
57.612
57.812
58.012
58.112
58.212
58.312
58.412
58.512
58.612
58.712
58.812
58.912
59.212
59.412
59.612
59.812
60.012
60.212
60.412
60.512
60.612

:_:, ill.

0.000

.200

.400

.600

.800

1.000
1.200

1.400
1.600

1.800

2.000

2.100

2.200
2.300

2.,400

2.500
2.600

2.700

2.800

3.000

3.200
3.400

3.600

3.800

4.000
4.200

4.100

.1.500

4.600

6v,.q = 0°

3.070

3.058

3.043

3.027
3.008

2.985

2.956
2.922

2.885

2.844

2.795
2.766

2.735

2.700

2.664
2.625

2.585

2.543
2.499

2.410

2.317

2.223
2.128

2.033

1.!)38

1.842
1.747

1.700

1.674

r, ill.

3.070

3.061

3.046

3.026

3.001
2.972

2.940

2.900
2.847

2.781

2.710

2.674
2.635

2.595

2.555

2.515
2.475

2.435

2.395

2.315
2.235

2.155

2.075

1.994
1.914

1.834

1.754

1.714

1.674

6_,,u = 10°

r, in.

3.070

3.054

3.038
3.022

3.007

2.985
2.956

2.922

2.887
2.849

2.802

2.774

2.741
2.703

2.660

2.612
2.564

2.515

2.466

2.369

2.272
2.174

2.077

r ill. y', ill.

0.000

.000

.000
-.001

-.001

.000

.005

.014

.025

.038

.055

.065

.077

.089

.102

.115

.128

.142

.155

.185

.218

.252

.288

1.980

1.882
1.785

1.729

1.674

.323

.:359

.394

.429

.447

.465

6v,u = 20 °

_!, ill.

0.000

.000

.000

.000

-.001
.000

.005

.015

.026

.040

.063

.079

.100

.126

.157

.192

.229

.266

.302

.376

.449

.522

.596

.669

.742

.816

.890

.927
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Table3. Concluded

(c) SCFnozzles

Lf/dt y_. in. ra, ill. z_,, in. rt,. in.

0.94
.!)4

.94

.94

1.20
1.20

1.20

1.20

1.46
1.46

1.46

1A6

NIS. in. .r in.

56.932 0.920
57.612 1.600

58.612 2.600

59.612 3.600
56.932 .920

57.612 1.600

58.612 2.600

59.612 3.600

56.!);32 .920
57.612 1.600

58.612 2.600

59.612 3.600

O.OO0

.815

2.721
7.701

.0O0

.660
2.4O3

4.663

.OO0

.555
1.641

3.39I

2.846

;{.;371

4.842
9.383

2.846

3.269
4.287

6.544

2.846

3.199
3.97:{

5A13

0.000

.608

3A76

.000

.513
2.296

2.846

3.131
5.524

2.8,16

3.081

.1.455

.000 2.8,16
A44 3.0.46

1.738 ! 3.981
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Table4. Locationsof ExternalStaticPressureOrifices

0 = -90° 0 = 0 ° ¢ = 90°

hiS, in. x/LT_ hiS, in. x/LT, MS, in. x/L,,

Configuration 1 NVA nozzle

49.146

51.274

52.612

53.712
54.693

55.584

56.284

56.787

57.281

57.795

58.331
58.906

59.533

60.229

-1.489

-1.028
-.738

-.498

-.286

-.093

.060

.168

.275

.387

.508

.628

.764

.915

49.146

51.274

52.612

53.712

54.693

55.584
56.284

56.787

57.281

57.795
58.331

58.906

59.533
60.229

-1.489

-1.028
-.738

-.498

- .286

- .093

.060

.168

.275

.387

.508

.628

.764

.915

49.146

51.274

52.612

53.712
54.693

55.584

56.284

56.787

57.281
57.795

58.331

58.906

59,533
60.229

-1.489

-1.028
-.738

-.498

-.286

-.093
.060

.168

.275

.387

.508

.628

.764

.915

49.146

51.274
52.612

53.712

54.693
55.584

56.445

57.251

57.995
58.742

59.49,'1

60.256

61.984
61.664

Configuration 2 NVA nozzle

-1.148

-.793

-.569
-.384

-.221
.072

.072

.207

.332

.457

.583

.710

,832
.945

49.146
51.274

52.612

53.712
54.693

55.584

56.445

57.251
57.995

58.742

59.494

60.256
61.984

61.664

-1.148

-.793
-.569

-.384
-.221

- .072

.072

.207

.332

.457

.583

.710

.832

.945

49.146

51.274

52.612

53.712
54.693

55.584

56.445
57.251

57.995

58.742

59.494

60.256
61.984

61.664

Configuration 3 VA nozzle

-1.148
-.793

-.569

-.384
-.221

-.072

.072

.207

.332

.457

.583

.710

.832
.945

49.146

51.274
52.612

53.717

54.693

55.584
56.635

57.523

58.003

58.416

58.835

59.286
59.778

60.324

-1.493

-1.030
-.739

-.499

-.287

-.093

.135

.328

.433

.523

.614

.712

.819

.937

49.146

51.274

52.612

53.717
54.693

55.584

56.635

57.523
58.003

58.416

58.835

59.286

59.778

60.324

-1.493

- 1.030
-.739

.499

-.287

- .093
.135

.328

.433

.523

.614

.712

.819

.937

49.146

51.274

52.612

53.717
54.693

55.584

56.635

57.523
58.003

58.416

58.835

59.286

59.778
60.324

-1.493

-1.030

-.739

-.499

-.287
-.093

.135

.328

.433

.523

.614

.712

.819

.937
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Table4. Continued

0 = -90°

MS, in. x/L,,

0 = 0°

MS, in. l x/LT_

0 = 90 °

MS, in. x/L,,

49.146

51.274
52.612

53.717

54.693

55.584
56.687

57.704

58.272

58.691
59.076

59.466

59.885

60.334

Configuration ,1 VA nozzle

- 1.493
- 1.030

-.739

- .499

-.287

-.093
.147

.368

.491

.582

.666

.751

.842

.940

49.146
51.274

52.612

53.717

54.693

55.584

56.687
57.704

58.272

58.691

59.076

59.466

59.885

60,334

- 1.493
- 1.030

-.739

- .4.(}9

.287

- .093

.1,17

.368

.491

.582

.666

.751

.842

.940

49.146

51.274

52.612

53.717
54.693

55.584

56.687

57.704

58.272

58.691
59.076

5.(t.466

59.885

60.334

-1.493

- 1.030

-.739
- .499

-.287

- .093

.147

.368

.491

.582

.666

.751

.8.12

.940

Configuration 5 VA nozzle

49.146

51.274

52.612

53.717
54.693

55.584

56.687

57.718

58.273
58.642

58.990

59.365

59.775
61.461

-1.493

- 1.030

-.739

-.499

-.287
- .093

.147

.371

.492

.572

.647

.72!)

.818

.915

49.146

51.274
52.612

53.717

54.693

55.58,1
5(i.687

57.718

58.273

58.642

58.990
59.365

59.775

61.461

-1.493
- 1.030

-.739

- .499

-.287

- .093
.t47

.371

.492

.572

.647

.729

.818

.915

49.146

51.274

52.612
53.717

54.693

55.584

56.687

57.718
58.273

58.642

58.990

59.365

59.775
61.461

-1.493
- 1.030

-.739

-.499

- .287

.093

.147

.371

.492

.572

.647

.729

.818

.915

49.146

51.274

52.612

53.717

54.693
55.584

56.181

56.531

56.995
57.614

58.157

58.712
59.385

Configuration 6 SCF nozzle

- 1.280
-.884

-.634

-.428
-.246

- .080

.031

.097

.183

.299

.400

.504

.629

49.146

51.274
52.612

53.717

54.693

55.584
56.181

56.531

56.995

57.614
58.157

58.712

59.385

60.027

60.670

-1.280

-.884
- .634

-.428

-.246

- .080
.031

.097

.183

.299

.400

.504

.629

.749

.869

49.146

51.274
52.612

53.717

54.693

55.584

56.181

56.531
56.995

57.614

58.157
58.712

59.385

- 1.280

-.884

- .63,1
-.428

-.246

-.080

.031

.0.()7

.183

.2.(19

.400

.504

.629
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Table4. Continued

0 = -90° 0 = 0 ° 0 = 90°

MS, in. x/Ln MS, in. x/Ln MS, in. x/Ln

Configuration 7 SCF nozzle

49.146

51.274

52.612

53.717

54.693
55.584

56.181

56.531

56.995
57.614

58.157

58.712

49.146

51.274

52.612
53.717

54.693

55.584

56.181
56.531

56.995

57.614

58.157
58.712

49.146
51.274

52.612

53.717
54.693

55.584

56.181

56.531

56.995

57.520
57.970

58.431

59.010

-1.280

- .884

-.634
-.428

-.246

-.080

.031

.097

.183

.299

.400

.504

49.146

51.274

52.612
53.717

54.693

55.584

56.181
56.531

56.995

57.614

58.157

58.712

59.385
60.027

60.670

-1.280

-.884
-.634

-.428

-.246

-.080

.031

.097

.183

.299

.400

.504

.629

.749

.869

49.146

51.274
52.612

53.717

54.693

55.584
56.181

56.531

56.995

57.614

58.157

58.712
59.385

60.027

Configuration 8 SCF nozzle

- 1.280

.884
- .63-,1

- .428

-.246

- .080

.031

.097

.183

.299

.400

.504

49.146

51.274
52.612

53.717

54.693

55.584
56.181

56.531

56.995
57.614

58.157

58.712
59.385

60.027

60.670

-1.280

-.884
-.634

-.428

-.246
.080

.031

.097

.183

.299

.400

.504

.629

.749

.869

49.146
51.274

52.612

53.717
54.693

55.584

56.181

56.531
56.995

57.614

58.157

58.712
59.385

60.027

Configuration 9 SCF nozzle

-1.489

-1.028

-.738

-.498
-.286

-.093

.037

.113

.213

.327

.425

.525

.650

49.146

51.274

52.612

53.717
54.693

55.584

56.181

56.531

56.995
57.520

57.970

58.431

59.010
59.527

60.045

-1.489

-1.028

-.738
-.498

-.286

-.093

.037

.113

.213

.327

.425

.525

.650

.762

.875

49.146

51.274

52.612
53.717

54.693

55.584

56.181

56.531
56.995

57.520

57.970

58.431
59.010

-1.280

-.884
-.634

-.428

-.246

-.080
.031

.097

.183

.299

.400

.504

.629

.749

-1.280
-.884

-.634

-.428
-.246

.080

.031

.097

.183

.299

.400

.504

.629

.749

-1.489

-1.028

-.738
-.498

-.286

-.093

.037

.113

.213

.327

.425

.525

.650



Table4. Concluded

0=-90° 0=0 ° O= 91)°

Ms,i,,. / _/L,, Ms,i,,. [ _/i_,, _Is,i,. .,./_.,,
(onfigllra.t,'l)ll l0 SCF nozzle

49.146

51.274

52.612

53.717
54.693

55.584

56.181

56.531

56.995
57.708

58.345

59.023

59.760

-1.124

-.776

-.556
-.376

-.216

-.070

.028

.O85

.161

.278

.382

.-193

.613

49. 146

51.274

52.612
53,717

54.693

55,584

56.181
56.531

56.995

57.708

58.345

59.023
59.760

60.527

61.295

-1.124

-.776

-.556

-.376
-.216

-.070

.028

.085

.161

.278

.382

.493

.613

.739

.865

49.146

51.27,1

52.612

53.717
54.693

55.584

56.181

5(i.531

56.995

57.708
58.345

59.O23

59.760

1 .12,1

.776

.556

.376

.216

.070

.028

.085
,161

.278

.;.}82

.493

.613
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Table 5. Static and Aerot)rotmlsive ('haracteristics for NVA Nozzle: Lf/d t == 0.9.1:b_.4/ ()_:'

3I NPI/ b;./F, l"/l';

0.000 2.00 0.8952 0.8952

0.000 2.50 0.9299 0.9299

0.000 3.00 0.9540 0.9540

0.000 3.50 0.9698 0.9698

0.000 4.00 0.9789 0.9789

0.000 4.51 0.9838 0.9838

0.000 5.00 0.9865 0.9865

0.000 6.00 0.9877 0.9877

0.000 7.02 0.9859 0.9859

{a) Slatic performance

6, de_ bls,/f:, YM/b;b Cr Ct.'.s C,,: CF,, ,,,/,'i

0.22 0.0035 -0.0023 0.2047 0.0008 -0.0039 0.2287 0.9639

-0.03 -11.11004 -0.0012 0.3020 -0.0001 -0.11027 0.3247 0.9650

-0.07 -0.11011 -0.0009 0.4020 -0.0005 -0.11027 0.4214 0.9658

-0.09 -0.0015 -0.13008 0.5030 -0.11008 -0.0031 0.5186 0.9651

-0.06 -0.0011 -0.0008 0.6061 -0.0{X17 -0.0{)37 0.6192 0.9657

-0.06 -0.0011 -0.0008 0.7099 -0.0008 -0.004 1 0.7216 0.9660

-0.06 -1t.00t I -0.0007 0.8121 -0.0009 -0.(1044 0.8232 0.9655

-0.04 -0.0008 -0.0006 1.0165 -0.0008 -0.(X)48 1.0292 0.9653

-0.02 -0.0004 -0.0006 1.2241 -0.0{)05 -0,0{)52 1.2416 0.9648

{b) Aeropropulsive characteristics

M NI>R _')r, _t:-11 (]7i)_i." Cy.t 17,_ .t CI):, CI) C}" C,, (?l".i lt!p/lt't

1.276 1.06 0.0000 0.0000 0.1788 0.0022 -0.0047 0. I 171 0.1788 0.0022 -0.0047 0.0038 0.00{10

1.274 4.01 0.7649 0.6494 -0.3555 0.0039 -0.0101 0. I 177 0.1810 0.19045 -0.0068 0.5474 0.9656

1.274 4.51 0.7967 0.6955 -0.4419 0.0042 -0.0113 0.1193 0.1836 0.0049 -0.0077 0.6354 0.9664

1.275 6.01 0.8658 0.7923 -0.7193 0.0030 -0.0116 0.1094 0.1762 0.0037 -0.0074 0.9079 0.9682

1.274 8.02 0.9068 0.8528-- -1.0937 0.0017 -0.0118 0.0959 0.1652 0.0018 -0.0068 1.2825 0.9677

1.205 1.01 0.0000 0.0000 0.1938 0.0229 -0.0381 0.1271 0.1938 0.0229 -0.0381 0.0039 0.00(X)

1.202 3.01 0.6637 0.5014 -0.2107 0.0108 -0.0104 O. 1214 O. 1896 0.0112 -0.0078 0.4202 0.9686

1.202 4.02 0.7711 0.6595 -0.4068 0.0110 -0.0130 0.1277 0.1966 0,0117 -0.0094 0.6168 0.9675

1.202 4.51 0.8035 0.7063 -0.5055 0.11108 -0.0130 O. 1281 O. 1976 0,0115 -0.0090 0.7157 0.9684

1.203 6.02 0.8681 0.7996 -0.8163 0.01111 -0.0134 0.1207 0.1907 0.0109 -0.0086 1.0209 0.968 I

1.202 8.00 0.9090 0.8600 -1.2343 0.11093 -0.0159 0.1050 11.1753 0.0{)95 -0.0103 1.4351 0.9671

0.952 1.11 0.0000 0.0000 0.0740 0.0258 -0.0194 -0.0219 0.0740 0.0258 -0.0194 0.0045 0.00110

0.953 3.02 0.9762 0.8406 -0.5639 0.1)222 -0.0166 -0.0154 0.0756 0.0230 -0.0123 0.6708 0.9681

0.951 4.02 0.9879 0.8973 -0.8853 0.0217 -0.0174 -0.0099 0.0795 0.0228 -0.0116 0.9866 0.9676

0.951 4.52 0.9914 0.9147 -1.0484 0.02t4 -0.0179 -0.0096 0.0783 0.0226 -0.0115 1.1462 0.9676

0.951 5.02 0.9935 0.9264 - 1.2125 0.0204 -0.0182 -0.0112 0.0767 0.0218 -0.01 I 1 1.3089 0.9680

0.953 7.01 0.9948 0.9514 - 1.8582 0.0192 -0.0201 -0.0197 0.0650 0.0200 -0.0119 1.9530 0.9672

0.900 1.10 0.0000 0.0000 0.0599 0.0205 -0.0140 -0.0220 0.0599 0.0205 -0.0140 0.0048 0.0000

0.901 2.00 0.9435 0.7555 -0.3058 0.0252 -0.0254 -0.0196 0.0565 0.0238 -0.0185 0.4048 0.9652

0.901 3.00 0.9628 0.8613 -0.6392 0.0193 -0.0148 -0.0074 0.0679 0.0202 -0.0101 0.7421 0.9676

0.903 4.00 0.9782 0.9112 -0.9921 0.0184 -0.0151 -0.0017 0.0712 0.0195 -11.0087 1.0887 0.9685

0.902 4.51 0.9819 0.9265 - 1.1791 0.0183 -0.0168 0.0010 0.0716 0.0197 -0.0096 1.2727 0.9678

0.902 6.01 0.9870 0.9504 - 1.7224 0.0166 -0.0176 -0.0017 0.0646 0.0179 -0.0091 1.8123 0.9679

0.851 1.09 0.0000 0.00110 0.0585 0.0192 -0.0133 -0.0193 0.0585 0.0192 -0.0133 0.0051 0.0000

0.851 2.01 0.9270 0.7723 -0.3528 0.0227 -0.0235 -0.0151 0.0556 0.0212 -0.0158 0.4568 0.9668

0.850 3.00 0.9547 0.8728 -0.7294 0.0175 -0.0134 -0.0032 0.0652 0.0185 -0.0081 0.8358 0.9695

0.850 4.00 0.9739 0.9201 - I. 1296 0.0169 -0.0145 0.0033 0.0694 0.0182 -0.0073 1.2277 0.9685

0.848 4.51 0.9780 0.9345 - 1.3426 0.0157 -0.0159 0.0051 0.0676 0,0173 -0.0078 1.4367 0.9688

0.850 6.00 0.9847 0.9552 - 1.9459 0.0148 -0.0188 0.0032 0.0634 0.01 64 -11.0092 2.0372 0.9676

0.802 1.07 0.0000 0.0000 0.0602 0.0171 -0.0115 -0.0152 0.0602 0.0171 -0.0115 0.0055 0.00{10

0.801 2.00 0.9079 0.7781 -0.3993 0.0221 -0.0244 -0.0084 0.0582 0.0203 -0.0156 0.5131 0.9686

0.801 3.01 0.9471 0.8795 -0.8322 0.0170 -0.0156 0.0038 0.0678 0.0180 -0.0096 0.9462 0.9696

0.802 4.01 0.9705 0.9258 - 1.2828 0.11152 -0.0159 0.0096 0.0715 0.0167 -0.0078 1.3856 0.9678

0.802 4.51 0.9764 0.9392 -I.5071 0.0145 -0.0159 0.0104 0.0701 0.0162 -0.0069 1.6046 0.9675

0.802 5.0 t 0.9800 0.9483 - 1.7393 0.0140 -0.0180 0.0092 0.0673 0.0160 -0.0082 1.8341 0.9677

0.602 1.04 0.0000 0.0000 0.0602 0.0166 -0.0125 -0.0101 0.0602 0.0166 -0.0125 0.0081 0.0000

0.603 2.00 0.9015 0.8305 -0.7532 0.0201 -0.0269 -0.0079 0.0565 0.0170 -0.0115 0.9069 0.9674

0.604 3.01 0.9483 0.9111 -I.5135 11.11144 -0.0184 0.0057 0.0675 0.0163 -0.0078 1.6612 0.9689

11.605 4.00 0.9716 0.9473 -2.2984 0.0124 -0.02(N- 0.0117 0,0707 0.0150 -0.0062 2.4262 0.9681

0.607 4.51 11.9774 0.9579 -2.6860 0.0113 -0.0229 0.0154 I).117112 0.0143 -1).0071 2.8042 0.9672

0.601 5.00 0.9802 0.9656 -3.1457 0.0{)97 -0.0237 0.0149 0.0625 0.0132 -11.01)61 3.2578 0.9676
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Table 6. Static and Aeropropulsive Characteristics for NVA Nozzle; Ll/d _ = 1.42; 6v,u = 0°

(a) Static performance

M NPR Fr/Fi F/Fi fu, deg Fs/Fi YM/Fib CF CF, S Cn4 CF,, wp/wi

0.000 2.00 0.8956 0.8955

0.000 2.51 0.9320 0.9320

0.{300 3.01 0.9511 0.9511

0.000 4.00 0.9758 0.9758

0.000 3.5 i 0.9685 0.9685

0.000 4.50 0.9816 0.9816

0.000 5.00 0.9846 0.9846

0.000 6.00 0.9856 0.9856
0.000 7.00 0.9843 0.9843

0.000 7.22 0.9838 0.9838

0.45 0.0071 -0.0024 0.2052 0.0016 -0.0041 0.2291 0.9713

0.17 0.0027 -0.0011 0.3048 0.0009 -0.0025 0.3271 0.9718

0.05 0.0009 -0.0008 0.4037 0.0004 -0.0026 0.4244 0.9724

0.02 0.0003 -0.0009 0.6078 0.0002 -0.0039 0.6229 0.9729

0.03 0.0006 -0.0009 0.5065 0.0003 -0.0033 0.5230 0.9726

0.04 0.0006 -0.0008 0.7109 0.0004 -0.0043 0.7242 0.9729

0.03 0.0006 -0.0008 0.8135 0.0005 -0.0047 0.8262 0.9733

0.04 0.0006 -0.0007 1.0185 0.0006 -0.0052 1.0334 0.9724

0.04 0.0007 -0.0006 1.2244 0.0009 -0.0056 1.2439 0.9718

0.04 0.0006 -0.0006 1.2686 0.0008 -0.0057 1.2894 0.9716

(b) Aeropropulsive characteristics

M NPR F-D F-D
T CD-F Cy't Cn,t CD,n C D Cy Cn CF, i Wp/W,

1.270 1.08 0.0000 0.0000 0.1483 0.0056 -0.0118 0.0880 0.1483 0.0056 -0.0118 0.0038 0.00(30

1.271 4.00 0.8124 0.6997 -0.3857 0.0052 -0.0114 0.0901 0.1522 0.0051 -0.0080 0.5512 0.9739

1.271 4.52 0.8391 0.7397 -0.4758 0.0046 -0.0114 0.0918 0.1557 0.0042 -0.0076 0.6433 0.9741

1.271 6.01 0.8928 0.8217 -0.7531 0.0047 -0.0137 0.0844 0.1495 0.0042 -0.0091 0.9165 0.9747

1.270 8.00 0.9227 0.8714 -I.1246 0.0038 -0.0158 0.0745 0.1407 0.0032 -0.0105 1.2906 0.9744

1.201 1.04 O.O000 0.0000 O.1639 0.0103 -0.0108 0.0976 O.1639 0.0103 -0.0108 0.0038 0.0000

1.201 3.00 0.7207 0.5612 -0.2354 0.0091 -0.0084 0.0957 O.1626 0.0087 -0.0058 0.4195 0.9752

1.200 4.00 0.8130 0.7036 -0.4345 0.0099 -0.0119 0.0992 O.1668 0.0097 -0.0081 0.6176 0.9759

1.201 4.50 0.8403 0.7455 -0.5360 0.0101 -0,0114 0.I000 0.1682 0.0097 -0.0072 0.7190 0.9763

1.201 6.02 0.8951 0.8289 -0.8527 0.0097 -0.0142 0.0911 0.1592 0.0091 -0.0091 1.0287 0.9758

I.196 8.09 0.9236 0.8772 -1.2935 0.0088 -0.0165 0.0818 O.1502 0.0082 -0.0105 1.4745 0.9753

0.950 1.12 0.0000 0.0000 0.0639 0.0217 -0.0153 -0.0200 0.0639 0.0217 -0.0153 0.0045 0.0000

0.950 3.02 0.9710 0.8561 -0.5812 0.0205 -0.0154 -0.0158 0.0622 0.0199 -0.0112 0.6789 0.9771

0.949 3.99 0.9819 0.9048 -0.8918 0.0205 -0.0159 -0.0075 0.0686 0.0201 -0.0097 0.9857 0.9749

0.949 4.50 0.9846 0.9201 -1.0574 0.0197 -0.0167 -0.0051 0.0690 0.0190 -0.0099 1.1492 0.9752

0.951 5.02 0.9875 0.9310 -1.2226 0.0194 -0,0171 -0.0052 0.0689 0.0186 -0.0097 1.3131 0.9754

0.950 7.00 0.9883 0.9527 -1.8763 0.0177 -0.0193 -0,0100 0.0601 0.0164 -0.0104 1.9695 0.9743

0.899 I.I0 0.0000 0.0000 0.0624 0.0190 -0.0137 -0.0060 0.0624 0.0190 -0.0137 0.0048 0.0000

0.898 2.00 0.9189 0.7659 -0.3128 0.0239 -0.0259 -0.0096 0.0528 0.0211 -0.0186 0.4083 0.9726

0.900 3.00 0.9500 0.8681 -0.6503 0.0182 -0.0143 -0.0009 0.0604 0.0175 -0.0097 0.7491 0.9752
0.901 4.02 0.9727 0.9181 -1.0126 0.0168 -0.0164 0.0024 0.0627 0.0162 -0.0097 1.1029 0.9758

0.901 4.51 0.9751 0.9303 - I.1903 0.0155 -0.0154 0.0050 0.0624 0.0147 -0.0078 ! .2794 0.9763

0.901 6.01 0.9827 0.9522 -I.7377 0.0155 -0.0193 0.0019 0.0575 0.0144 -0.0101 1.8250 0.9753
0.850 1.08 0.0000 0.0000 0.0629 0.0167 -0.0141 -0.0025 0.0629 0.0167 -0.0141 0.0051 0.0000

0.850 1.99 0.9108 0.7757 -0.3509 0.0207 -0.0241 -0.0082 0.0529 0.0175 -0.0160 0.4524 0.9741

0.851 3.02 0.9487 0.8772 -0.7398 0.0150 -0.0122 -0.0006 0.0597 0.0143 -0.0070 0.8433 0.9765

0.851 3.99 0.9694 0.9220 -I.1292 0.0150 -0.0160 0.0041 0.0622 0.0146 -0.0083 1.2248 0.9763

0.852 4.52 0.9741 0.9355 -1.3430 0.0158 -0.0189 0.0076 0.0629 0.0149 -0.0104 1.4355 0.9760

0.853 6.01 0.9817 0.9552 -1.9438 0.0143 -0.0218 0.0042 0.0581 0.0131 -0.0115 2.0350 0.9752

0.803 1.07 0.0000 0.0000 0.0623 0.0158 -0.0134 0,0016 0.0623 0.0158 -0.0134 0.0054 0.0000

0.803 2.01 0.8872 0.7820 -0.4052 0.0187 -0.0247 0.0026 0.0571 0.0152 -0.0157 0.5182 0.9774

0.803 2.99 0.9355 0.8795 -0.8244 0.0133 -0.0107 0.0102 0.0627 0.0125 -0.0048 0.9374 0.9772

0.799 4.02 0.9637 0.9293 -1.3052 0.0141 -0.0171 0.0140 0.0623 0.0133 -0.0086 1.4045 0.9770

0.801 4.50 0.9694 0.9428 -1.5234 0.0141 -0.0192 0.0152 0.0583 0.0131 -0.0097 1.6158 0.9764

0.800 5.01 0.9716 0.9503 -1.7564 0.0129 -0.0189 0.0220 0,0613 0.0118 -0.0083 1.8482 0.9751

0.602 1.03 0.0000 0.0000 0.0681 0.0147 -0.0158 0.0105 0.0681 0.0147 -0.0158 0.0081 0.0000

0.603 1.99 0.8893 0.8309 -0.7493 0.0192 -0.0317 0.00 !6 0.0542 0.0129 -0.0156 0.9018 0.9760

0.602 3.00 0.9404 0.9108 -I.5226 0.0127 -0.0193 0.0121 0.0616 0.0111 -0.0089 1.6717 ().'_759

0.602 4.02 0.9661 0.9471 -2.3420 0.011 ! -0.0253 0.0217 0.0686 0.0096 -0.01 04 2.4727 0.9755

0.603 4.52 0.9724 0.9586 -2.7447 0.0100 -0.0258 0.0198 0.0595 0.0082 -0.0089 2.8632 0.9757

0.599 5.01 0.9751 0.9644 -3.1840 0.0092 -0.0292 0.0280 0.0631 0.0072 -0.0104 3.3014 0.9748
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Table 7. Static and Aeropropulsive Characteristics for VA Nozzle; Lf/dt = 0.94; 5v,y = 0 °

M NPR Fr/F, F/F,

0.000 2.01 0.8876 0.8876

0.000 2.50 0.9228 0.9228

0.000 3.00 0.9464 0.9464

0.000 3.49 0.9619 0.9619

0,000 4.00 0.9718 0.9718

0.000 4.51 0.9767 0.9767

0.(300 4.98 0.9802 0.9802

0.000 5.97 0.9820 0.9820

0.000 6.39 0.9817 0.9817

(a) Static performance

6_, deg Fs/Fi YM/Fib CF CF, S Cn,j CF, i Wp/Wl

0.32 0.0049 -0.0025 0.2065 0.0011 -0.0042 0.2327 0.9718

0.11 0.0018 -0.0013 0.3017 0.0006 -0.0030 0.3269 0.9713

0.00 0.0000 -0.0010 0.4001 0.0000 -0.0032 0.4227 0.9709

-0.06 -0.0009 -0.0010 0.5011 -0.0005 -0.0036 0.5209 0.9720

-0.07 -0.0012 -0.0009 0.6064 -0.0008 -0.0042 0.6239 0.9720

-0.06 -0.0010 -0.0009 0.7089 -0.0007 -0.0046 0.7258 0.9721

-0.08 -0.0013 -0.0008 0.8072 -0.0011 -0.0051 0.8236 0.9715

-0.06 -0.0010 -0.0008 1.0094 -0.0010 -0.0060 1.0279 0.9710

-0.05 -0.0009 -0.0008 1.0955 -0.0010 -0.0063 1. I 159 0.9710

(b) Aempropulsive characteristics

F-D F-D CD_F Cy, t Cn,t CD,n CD Cy Cn CF, i Wp/Wi
M NPR _

0.949 1.09 0.0000 0.0000 0.0864 0.0092 -0.0009 0.0160 0.0864 0.0092 -0.0009 0.0046 0.0000

0.950 3.08 0.9400 0.8358 -0.5907 0.0138 -0.0130 -0.0048 0.0689 0.0139 -0.0078 0.7068 0.9887

0.948 4.01 0.9649 0.8888 -0.8789 0.0138 -0.0139 0.0100 0.0852 0.0150 -0.0072 0.9888 0.9696

0.949 4.49 0.9689 0.8996 -1.0282 0.0141 -0.0159 O.OlOl 0.0892 0.0152 -0.0086 1.1429 0.9718

0.950 5.02 0.9742 0.9127 -1.2010 0.0133 -0.0166 0.0076 0.0886 0.0150 -0.0085 1.3158 0.9727

0.952 7.00 0.9849 0.9419 -I.8466 0.0130 -0.0213 -0.0077 0.0767 0.0144 -0.0106 1.9605 0.9719

0.902 1.09 0.0000 0.0000 0.0753 0.0117 -0.0032 0.0074 0.0753 0.0117 -0.0032 0.0048 0.0(300

0.899 2.00 0.9003 0.7333 -0.2976 0.0202 -0.0249 -0.0052 0.0625 0.0182 -0.0175 0.4059 0.9701

0.898 2.99 0.9444 0.8526 -0.6369 0.0154 -0.0148 0.0008 0.0694 0.0154 -0.0092 0.7469 0.9719

0.900 4.02 0.9704 0.9057 - 1.0079 0.0141 -0.0166 -0.0055 0.0666 0.0155 -0.0092 I.I 129 0.9792

0.900 4.51 0.9790 0.9213 -I.1806 0.0139 -0.0180 -0.0035 0.0704 0.0151 -0,0098 1.2814 0.9732

0.900 6.00 0.9833 0.9422 - 1.7189 0.0124 -0.0206 -0.0042 0.0708 0.0141 -0.0 I00 1.8243 0.9730

0.850 1.08 0.0000 0.0000 0.0708 0.0163 -0.0129 0.0064 0.0708 0.0163 -0.0129 0.0052 0.00_

0.850 2.01 0.8835 0.7474 -0.3429 0.0192 -0.0246 0.0009 0.0633 0.0170 -0.0163 0.4587 0.9738

0.850 3.02 0.9388 0.8635 -0.7328 0.0155 -0.0171 0.0037 0.0676 0.0155 -0.0108 0.8487 0.9756

0.850 4.01 0.9637 0.9117 -I.1265 0.0143 -0.0189 0.0090 0.0732 0.0158 -0.0107 1.2357 0.9735

0.849 4.51 0.9726 0.9271 -I.3396 0.0134 -0.0192 0.0020 0.0678 0.0148 -0.0099 1.4450 0.9755

0.849 6.02 0.9798 0.9480 -1.9553 0.0108 -0.0211 0.0004 0.0660 0.0128 -0.0091 2.0627 0.9740

0.801 i .07 0.0000 0.0000 0.0680 0.0155 -0.0141 0.0056 0.0680 0.0155 -0.0141 0.0055 0.0000

0.803 2.00 0.8861 0.7699 -0.3936 0.0211 -0.0274 -0.0004 0.0590 0.0186 -0.0181 0.5112 0.9725

0.802 3.01 0.9398 0.8769 -0.8292 0.0145 -0.0169 0.0034 0.0630 0.0144 -0.0098 0.9456 0.9747

0.800 4.03 0.9644 0.9221 - 1.2969 0.0143 -0.0200 0.0083 0.0679 0.0160 -0.0107 1.4065 0.9743

0.800 4.51 0.9691 0.9327 -I.5148 0.0129 -0.0216 0.0112 0.0703 0.0145 -0.0112 i.6242 0.9734

0.800 5.02 0.9727 0.9410 -I.7459 0.0124 -0.0222 0.0112 0.0700 0.0147 -0.0107 1.8553 0.9737

0.602 1.04 0.0000 0.0000 0.0712 0.0128 -0.0142 0.0128 0.0712 0.0128 -0.0142 0.0082 0.0000

0.601 2.05 0.8921 0.8350 -0.7945 0.0159 -0.0297 -0.0032 0.0511 0.0116 -0.0134 0.9515 0.9749

0.602 3.00 0.9412 0.9094 -I.5197 0.0108 -0.0220 0.0049 0.0580 0.0108 -0.0094 1.6710 0.9735

0.603 4.01 0.9671 0.9457 -2.3263 0.0079 -0.0256 0.0082 0.0608 0.0109 -0.0091 2.4599 0.9738

0.602 4.51 0.9719 0.9538 -2.7312 0.0060 -0.0277 0.0118 0.0636 0.0087 -0.0094 2.8634 0.9732

0.601 5.01 0.9761 0.9611 -3.1610 0.0049 -0.0273 0.0075 0.0566 0.0091 -0.0069 3.2888 0.9738

1.292 1.01 0.0000 0.0000 0.1715 -0.0032 0.0065 0.1106 0.1715 -0.0032 0.0065 0.0038 0.0003

1.291 4.02 0.7615 0.6384 -0.3410 0.0002 -0.0024 0.1148 0.1806 0.0008 0.0012 0.5342 0.9685

1.289 4.53 0.7930 0.6716 -0.4209 0.0008 -0.0033 0.1168 0.1929 0.0015 0.0007 0.6266 0.9707

1.290 5.99 0.8650 0.7760 -0.6878 0.00(30 -0.0038 0.1044 0.1834 0.0008 0.0014 0.8864 0.9717

1.289 7.99 0.8950 0.8443 -1.0584 -0.0005 -0.0051 0.1041 0.1677 0.0002 0.0013 1.2536 0.9729

1.202 0.98 0.{3000 0.0000 O. 1903 0.0028 0.00(30 O. ! 296 O. 1903 0.0028 0.0000 0.0039 0.0000

1.200 3.01 0.6665 0.5182 -0.2185 0.0042 -0.0078 0.1187 O. 1813 0.0042 -0.0046 0.4217 0.9705

1.200 4.00 0.7740 0.6723 -0.4160 0.0045 -0.0091 0.1224 0.1854 0.0053 -0.0050 0.6188 0.9729

1.200 4.50 0.8030 0.7149 -0.5143 0.0050 -0.0101 O. ! 254 O. 1887 0.0057 -0.0055 0.7195 0.9726

!. 199 6.0 ! 0.8687 0.8067 -0.8322 0.0040 -0.0122 O. I 154 O. 1794 0.0050 -0.0062 1.0316 0.9738

I. 199 8.03 0.9 i00 0.8653 - 1.2605 0.0021 -0.0136 0.0987 O. 1637 0.0030 -0.0061 ! .4567 0.9730
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Table 8. Static and Aeropropulsive Characteristics for VA Nozzle; L//dt = 0.94; 6v,_ = 10 °

M NPR Fr/F, F/F_

0.000 2.00 0.9529 0.9509

0.000 2.50 0.9404 0.9208

0.000 3.05 0.9590 0.9248

0.000 3.52 0.9713 0.9383

0.000 4.01 0.9809 0.9500

0.000 4.51 0.9852 0.9562

•0.000 4.99 0.9864 0.9592

0.000 5.58 0.9871 0.9612

(a) Static performance

6y, deg FS/F i YM/Fib CF CF, S Cnj CF, i wp/wz

3.73 0.0621 -0.0236 0.2189 0.0143 -0.0399 0.2302 0.9519

11.72 0.1911 -0.0659 0.3006 0.0624 -0.1578 0.3264 0.9553

15.35 0.2539 -0.0876 0.4018 0.1103 -0.2794 0.4344 0.9587

14.96 0.2507 -0.0864 0.4953 0.1324 -0.3349 0.5279 0.9568

14.43 0.2445 -0.0831 0.5933 O.1527 -0. 3809 0.6245 0.9555

13.94 0.2374 -0.0802 0.6949 O.1725 -0.4279 0.7267 0.956 I

!3.50 0.2304 -0.0781 0.7927 O.1904 -0.4737 0.8264 0.9565

13.14 0.2244 -0.0759 0.9101 0.2124 -0.5272 0.9468 0.9557

(b) Aeropropulsive characteristics

M NPR F-D F-D
_ CD-F Cr, t Cn,t CD,n C D Cy Cn CF, _ Wp/tV i

1.200 0.93 0.0000 0.0000 0.1822 -0.0190 0.0536 0.1221 0.1822 -0.0190 0.0536 0.0039 0.0000

1.202 3.03 0.6785 0.5315 -0.2248 O.1012 -0.2423 0.1071 O.1693 -0.0063 0.0302 0.4230 0.9521

1.202 4.01 0.7764 0.6721 -0.4152 0.1504 -0.3649 0.1067 O.1711 -0.0005 O.Oll6 0.6177 0.9573

1.201 4.52 0.8037 0.7127 -0.5143 0.1738 -0.4220 0.1105 0.1761 0.0026 0.0028 0.7217 0.9567

1.201 6.00 0.8525 0.7867 -0.8061 0.2390 -0.5844 0.1113 0.1787 0.0129 -0.0243 1.0246 0.9572

1.203 8.00 0.8798 0.8374 - 1.2062 0.3225 -0,7866 0. I 119 O. 1729 0.0224 -0.0468 1.4405 0.9568

0.900 1.04 0.0000 0.0000 0.0863 -0.0182 0.0633 0.0245 0.0863 -0.0182 0.0633 0.0048 0.0000

0.901 2.03 0.9062 0.7572 -0.3122 0.0239 -0.0310 0.0203 0.0817 -0.0063 0.0514 0.4124 0.9457

0.900 3.00 0.9072 0.8247 -0.6175 0.1867 -0.4165 0.0148 0.0765 -0.0007 0.0583 0.7487 0.9567

0.901 4.00 0.9246 0.8677 -0.9509 0.3184 -0.7430 0.0260 0.0883 0.0508 -0.0751 1.0959 0.9577

0.901 4.52 0.9318 0.8827 -1.1333 0.3591 -0.8415 0.0311 0.0943 0.0546 -0.0861 1.2839 0.9570

0.900 6.01 0.9434 0.9096 -1.6638 0.4811 -i.1175 0.0329 0.0948 0.0776 -0.1178 1.8292 0.9565
0.800 1.04 0.0000 0.0003 0.0847 -0.0120 0.0503 0.0267 0.0847 -0.0120 0.0503 0.0055 0.0000

0.801 2.01 0.8947 0.7872 -0.4024 0.0351 -0.0622 0.0311 0.0860 0.0026 0.0282 0.5112 0.9472

0.801 3.00 0.9014 0.8432 -0.7959 0.2505 -0.5739 0.0237 0.0786 0.0146 0.0237 0.9438 0.9570

0.801 4.02 0.9232 0.8841 -I.2335 0.4032 -0.9531 0.0345 0.0891 0.0630 -0.1046 1.3952 0.9582

0.800 4.49 0.9302 0.8968 -1.4482 0.4507 -I .0661 0.0409 0.0949 0.0673 -0.1148 1.6149 0.9572

0.801 5.00 0.9363 0.9073 - 1.6720 0.4996 - I. 1806 0.0420 0.0954 0.0752 -0.1247 1.8428 0,9572

0.600 1.02 0.0000 0.0000 0.0799 0.0008 0.0208 0.0251 0.0799 0.0008 0.0208 0.0082 0.0000

0.601 2.01 0.9041 0.8477 -0.7790 0.0699 -0.1478 0.0422 0.0941 0.0094 0.0195 0.9189 0.952 I
0.601 3.01 0.9072 0.8770 - 1.4733 0.4607 - 1.0917 0.0350 0.0856 0.0385 -0.0224 1.6799 0.9554

0.60 i 4.00 0.9287 0.9087 -2.2325 0.6786 - 1.6352 0.0509 O.1003 0.0778 -0.1359 2.4569 0.9562

0.601 4.49 0.9360 0.9190 -2.6202 0.7590 - i .8250 0.0594 O. 1077 0.08 I0 -0.1428 2.8510 0.9556

0.602 5.02 0.9408 0.9266 -3.0295 0.8440 -2.0243 0.0629 O. 1093 0.0911 -0.15 I0 3.2695 0.9561
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Table9. StaticandAeropropulsiveCharacteristicsforVANozzle;L//dt = 0.94; 6v,y = 20 °

(a) Static performance

M NPR F_/F_ F/Fi

0.000 2.00 0.9329 0.8832

0.0t30 2.99 0.9541 0.8738

0.000 3.41 0.9619 0.8601

8u, deg Fs/Fi YM/Fib CF CF, S Cn,j CF, i wp/wi

18.80 0.3006 -0.0998 O.1993 0.0678 -0.1654 0.2257 0.8954

23.67 0.3831 -0.1268 0.3698 O.1621 -0.3939 0.4232 0.9145

26.59 0.4306 -0.1444 0.4350 0.2178 -0.5361 0.5057 0.9157

(b) Aeropropulsive characteristics

F-D F-D CD_F Cy, t Cn,t CD,n C D C r Cn CF, i Wp/WiM NPR _ -_,

1.202 0.94 0.0000 0.0000 0.1598 0.0035 0.0030 0.0958 0.1598 0.oo35 0.oo30 0.oo39 0.0000
1.202 3.02 o.7o93 0.5534 -o.2346 0.1628 -0.3834 0.o687 0.1348 -0.0008 0.0146 0.4239 0.9164
1.201 4.00 0.7456 0.6313 -0.3894 0.2935 -0.7045 ....... 0.6169 0.9143

1.201 4.50 0.7715 0.6700 -0.4812 0.3307 -0.7945 ........ 0.7182 0.9159

1.201 6.01 0.8057 0.7416 -0.7619 0.4433 -I.0565 ........ 1.0274 0.9161

1.201 8.00 0.8373 0.7903 -I.1440 0.5751 -1.3867 ....... 1.4475 0.9160

0.903 1.03 0.0000 0.0000 0.0818 0.0150 -0.0006 0.0162 0.0818 0.0150 -0.0006 0.0048 0.000(3
0.899 2.01 0.8874 0.7258 -0.2894 0.1548 -0.3308 0.0020 0.0664 0.0330 -0.0338 0.3988 0.8869

0.899 3.01 0.8828 0.7978 -0.6026 0.3179 -0.7176 -0.0088 0.0554 0.0272 -0.0106 0.7553 0.9167

0.901 4.00 0.8607 0.8033 -0.8831 0.5668 -1.2962 ....... 1.0993 0.9166

0.901 4.52 0.8716 0.8224 -1.0563 0.6323 -1.4544 ...... !.2844 0.9168

0.901 4.82 0.8804 0.8354 -1.1651 0.6786 -1.5443 ....... 1.3945 0.9159

0.801 1.01 0.0000 0.0(1130 0.0824 0.0160 -0.0084 0.0224 0.0824 0.0160 -0.0084 0.0055 0.0000

0.800 2.01 0.8689 0.7567 -0.3832 0.1958 -0.4342 0.0096 0.0663 0.0418 -0.0589 0.5064 0.8914

0.800 3.00 0.8720 0.8137 -0.7719 0.4042 -0.9204 0.0005 0.0558 0.0396 -0.0340 0.9487 0.9155

0.800 4.01 0.8561 0.8184 -I.1453 0.7001 -1.6190 ....... 1.3994 0.9157

0.802 4.52 0.8671 0.8354 -1.3582 0.7760 -I.8056 ....... 1.6257 0.9171

0.599 2.00 0.8681 0.8093 -0.7254 0.3273 -0.7533 0.0161 0.0688 0.0567 -0.0936 0.8962 0.8927

0.601 3.01 0.8665 0.8373 -1.4110 0.7072 -I.6604 0.0089 0.0581 0.0592 -0.0848 1.6851 0.9159

0.602 4.00 0.8614 0.8430 -2.0746 i.1456 -2.7153 ....... 2.4608 0.9157

0.600 1.01 0.0000 0.0000 0.0864 0.0221 -0.0228 0.0432 0.0864 0.0221 -0.0228 0.0082 0.0000
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Table 10. Static and Aeropropulsive Characteristics for SCF Nozzle; Lf/dt = 1.20; 6v,v = 0 °

(a) Static performance

M NPR F_/F, F/F,

0.000 1.99 0.8778 0.8778

0.000 2.49 0.9182 0.9182

0.000 3.03 0.9373 0.9373

0.000 3.50 0.9495 0.9495

0.000 3.98 0.9572 0.9572

0.000 4.51 0.9623 0.9623

0.000 5.01 0.9655 0.9655

0.000 5.99 0.9680 0.9680

0.000 6.99 0.9677 0.9677

0.000 7.71 0.9672 0.9672

6v, deg Fs/F_ YM/F_b CF CF, S Cno CF,, wp/w,

0.32 0.0049 -0.0015 0.1926 0.0011 -0.0024 0.2194 0.9075

0.12 0.0018 -0.0012 0.2861 0.0006 -0.0028 0.3115 0.9112

0.04 0.0007 -0.0010 0.3862 0.0003 -0.0029 0.4121 0.9118

-0.01 -0.0002 -0.0009 0.4772 -0.0001 -.0.0034 0.5026 0.9120

-0.03 -0.0005 -0.0009 0.5698 -0.0003 -0.0038 0.5953 0.9121

-0.02 -0.0003 -0.0008 0.67 I0 41.0002 -0.0042 0.6973 0.9116

-0.03 -0.0005 -0.0008 0.7674 -0.0004 -0.0044 0.7948 0.9115

-0.03 -0.0006 -0.0006 0.9595 -0.0005 -0.0045 0.9912 0.91 I0

-0.02 -0.0003 -0.0005 1.1538 -0.0003 -0.0042 1.1924 0.9104

-0.01 -0.0001 -0.0004 1.2957 -0.0002 -0.0041 1.3397 0.9095

(b) Aeropropulsiv¢ characteristics

F-D F-D Cn t CD,n CD Cy Cn CF, i Wp/W_M NPR _ --FT-, CD-F Cy't "

1.268 0.97 0.0000 0.0000 0.1899 -0.0028 0.0113 0.1290 0.1899 -0.0028 0.0113 0.0038 0.0000

1.271 4.00 0.7586 0.6369 -0.3370 0.0064 -0.0112 0.1040 0.1684 0.0067 -0.0078 0.5292 0.9151

1.271 4.51 0.7797 0.6814 -0.4218 0.0060 -0.0105 0.1 I01 0.1709 0.0062 -0.0068 0.6190 0.9173

1.271 5.99 0.8470 0.7751 -0.6806 0.0054 -0.0119 O. 1044 O. 1675 0.0059 -0.0079 0.8781 0.9144

i .271 8.00 0.8907 0.8383 - 1.0396 0.0036 --0.0116 0.0911 O. 1561 0.0037 -0.0080 1.2401 0.9137

1.200 0.94 0.0000 0.0000 0.2099 0.0073 -0.0040 0.t449 0.2099 0.0073 -0.0040 0.0039 0.0000

1.201 3.02 0.6496 0.4808 -0.1965 0.0071 -0.0092 0.1167 0.1857 0.0068 -0.0063 0.4087 0.9145

1.200 4.01 0.7546 0.6475 -0.3867 0.0072 4).0102 O. 1197 O. 1837 0.0074 -0.0064 0.5973 0.9154

1.200 4.49 0.7878 0.6944 -0.4791 0.0068 4).0097 0.1182 0.1826 0.0070 -0.0055 0.6899 0.9156

1.200 6.01 0.8525 0.7867 -0.7780 0.0066 -0.01 04 O. I I 16 O. 1767 0.0071 -0.0059 0.9889 0.9148

1.201 7.99 0.8938 0.8466 - 1.1758 0.0048 -0.0123 0.0967 O. 1622 0.0049 -0.0082 1.3888 0.9143

0.951 1.06 0.0000 0.0000 0.0884 0.0370 -0.0480 -0.0030 0.0884 0.0370 -0.0480 0.0046 0.0000

0.950 3.00 0.9612 0.8268 -0.5346 0.0197 -0.0174 -0.0190 0.0679 0.0192 -0.0128 0.6465 0.9169

0.951 4.02 0.9704 0.8806 -0.8398 0.0184 -0.0167 41.0147 0.0710 0.0189 -0.0107 0.9537 0.9152

0.952 4.51 0.9752 0.8962 4).9873 0.0174 41.0161 -0.0174 0.0697 0.0177 -0.0095 1.1018 0.9151

0.952 5.02 0.9775 0.9088 -1.1449 0.0177 -0.0172 -0.0180 0.0686 0.0182 -0.0103 1.2598 0.9145

0.951 7.02 0.9773 0.9339 -1.7738 0.0152 -0.0192 -0.0222 0.0603 0.0157 -0.0125 1.8993 0.9135

0.900 1.06 0.0000 0.0000 0.0784 0.0390 0.0564 0.0001 0.0784 0.0390 -0.0564 0.0048 0.0000

0.901 2.03 0.9317 0.7467 -0.2964 0.0159 -0.0124 -0.0196 0.0538 0.0140 -0.0081 0.3970 0.9077

0.901 3.00 0.9529 0.8498 -0.6111 0.0179 -0.0167 -0.0153 0.0588 0.0174 -0.0116 0.7191 0.9171

0.901 4.02 0.9646 0.8963 -0.9530 0.0162 -0.0156 -0.0098 0.0629 0.0167 -0.0088 1.0633 0.9148

0.899 4.51 0.9684 0.9107 -1.1243 0.0154 -0.0155 -0.0094 0.0619 0.0157 -0.0080 1.2346 ,,.9138

0.899 6.00 0.9733 0.9338 -1.6425 0.0135 -0.0173 -0.0118 0.0576 0.0145 -0.0093 1.7590 0.9133

0.852 1.05 0.0000 0.0000 0.0741 0.0356 -0.0486 -0.0012 0.0741 0.0356 -0.0486 0.0051 0.0000

0.850 2.00 0.9260 0.7647 -0.3356 0.0154 -0.0133 -0.0219 0.0489 0.0133 4).0086 0.4388 0.9108

0.849 3.00 0.9490 0.8635 -0.6985 0.0166 4).0165 4).0128 0.0563 0.0160 -0.0107 0.8089 0.9156

0.851 3.99 0.9633 0.9059 - 1.0696 0.0156 -0.0180 4).0094 0.0585 0.0162 -0.0105 I. 1807 0.9145

0.852 4.52 0.9682 0.9196 -I.2687 0.0143 -0.0164 -0.0105 0.0565 0.0147 41.0081 1.3796 0.9140

0.852 5.99 0.9718 0.9386 -I.8350 0.0125 41.0185 -0.0101 0.0548 0.0136 -0.0096 1.9550 0.9132

0.798 1.05 0.0000 0.0000 0.0693 0.0285 4).0372 -0.0033 0.0693 0.0285 -0.0372 0.0055 0.0000

0.799 i .97 0.9064 0.7689 -0.3697 0.0148 -0.0135 4).0141 0.0520 0.0124 -0.0082 0.4809 0.9050

0.799 3.02 0.9402 0.8705 -0.8019 0.0159 -0.0164 -0.0049 0.0594 0.0152 -0.0099 0.9213 0.9143

0.800 4.02 0.9564 0.9099 -1.2246 0.0138 -0.0165 -0.0001 0.0625 0.0145 4).0080 1.3458 0.9137

0.802 4.53 0.9620 0.9224 -1.4354 0.0131 -0.0176 41.0016 0.0600 0.0135 -0.0082 1.5562 0.9135

0.802 5.00 0.9654 0.9314 -1.6455 0.0116 -0.0167 -0.0028 0.0573 0.0124 -0.0069 1.7667 0.9136

0.600 1.03 0.00130 0.0000 0.0566 0.0140 -0.0185 41.01 I0 0.0566 0.0140 -0.0185 0.0082 0.0000

0.601 2.01 0.9057 0.8353 4).7335 0.0126 -0.0142 -0.0242 0.0376 0.0083 4).0047 0.8781 0.9088

0.602 3.00 0.9426 0.9048 - 1.4516 0.0116 -0.0208 -0.01 ! 5 0.0491 0.01 04 -0.0093 1.6044 0.9131

0.603 3.99 0.9597 0.9347 -2.1849 O.OOq9 41.0231 4).0064 0.0520 0.01 I11 -0.0083 2.3377 0.9126

0.599 4.52 0.9629 0.9430 -2.6297 0.11(174 -0.0247 -0.0048 0.0505 0.0082 -0.0079 2.7886 0.913 I

0.600 4.97 0.9685 0.9528 -2.9800 0.0066 4).0261 -0.0130 0.0360 0.0080 -0.0088 3.1276 0.9128
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M NPR Fr/Fi F/Fi

0.000 1.99 0.8804 0.8670

0.000 2.51 0.9165 0.9023

0.000 3.00 0.9343 0.9201

0.000 3.50 0.9470 0.9328

0.000 4.00 0.9560 0.9418

0.000 4.50 0.9622 0.9481

0.000 5.00 0.9659 0.9518

0.000 5.99 0.9697 0.9556

0.000 7.01 0.9701 0.9562

0.000 7.59 0.9698 0.9562

Table 11. Static and Aeropropulsive Characteristics for SCF Nozzle; Ly/dt = 1.20;t_v,_ = 10 °

(a) Static performance

6_, deg Fs/F i YM/Fib CF CF, S Cn,j CF,* Wp/Wi

10.03 0.1533 -0.0430 0.1903 0.0336 -0.0692 0.2195 0.9084

I0.II 0.1609 -0.0455 0.2845 0.0507 -0.1053 0.3153 0.9118

10.02 O.1626 -0.0462 0.3757 0.0664 -0.1385 0.4084 0.9113

9.92 0.1631 -0.0466 0.4691 0.0820 -0.1721 0.5029 0.9109

9.90 0. !644 -0.0468 0.5633 0.0983 -0.2056 0.5981 0.9103

9.83 0.1642 -0.0469 0.6612 0.1145 -0.2402 0.6973 0.9108

9.81 0.1646 -0.0469 0.7565 0.1308 -0.2737 0.7948 0.9107

9.79 0.1649 -0.0467 0.9475 0.1635 -0.3397 0.9916 0.9095

9.71 0.1636 -0.0464 1.1448 0.1959 -0.4079 1.1973 0.9086

9.63 0.1623 -0.0463 1.2585 0.2136 -0.4475 1.3162 0.9087

(b)Aeropropulsive characteristics

M NPR _F-D _F-D CD_F Cy.t Cn .t CD,n CD Cy Cn CF, i Wp/W_

1.199 0.94 0.0000 0.0000 0.1913 0.0159 -0.0260 0.1308 0.1913 0.0159 -0.0260 0.0039 0.0000

1.201 3.01 0.6638 0.5122 -0.2082 0.1064 -0.2209 0.1039 0.1655 0.0404 -0.0832 0.4065 0.9130

1.203 4.02 0.7559 0.6518 -0.3888 0.1501 -0.3161 0.1101 0.1722 0.0523 -0.1113 0.5966 0.9129

i.200 4.51 0.7797 0.6910 -0.4797 0.1722 -0.3619 0.1157 0.1774 0.0583 -0.1231 0.6943 0.9134
1.199 6.01 0.8341 0.7713 -0.7641 0.2274 -0.4805 0. I!85 0.1808 0.0644 -0.1418 0.9908 0.9126

1.199 8.02 0.8722 0.8267 -I. 1557 0.2909 -0.6128 0.1142 0.1778 0.0658 -0.1392 1.3980 0.9124

0.900 1.06 0.0000 0.0000 0.0878 0.0490 -0.0728 0.0097 0.0878 0.0490 -0.0728 0.0048 0.0000

0.900 1.97 0.8787 0.6823 -0.2583 0.1303 -0.2377 -0.0030 0.0713 0.0720 -0.1179 0.3785 0.9021

0.900 3.02 0.9223 0.8189 -0.5945 O.1941 -0.3706 -0.0026 0.0725 0.0762 -0.1247 0.7260 0.9135

0.900 4.00 0.9377 0.8671 -0.9163 0.2581 -0.5026 0.0025 0.0771 0.0847 -0.1400 1.0568 0.9126
0.900 4.53 0.9434 0.8826 -!.0927 0.2907 -0.5719 0.0050 0.0803 0.0875 -0.1458 1.2380 0.9123

0.903 6.03 0.9506 0.9086 -I.5925 0.3827 -0.7612 0.0067 0.0804 0.0941 -0.1617 1.7528 0.9116

0.800 1.05 0.0000 0.0000 0.0892 0.0728 -0.1166 0.0192 0.0892 0.0728 -0.1166 0.0055 0.0000

0.800 2.00 0.8669 0.7336 -0.3617 O.1584 -0.2930 0.0017 0.0674 0.0825 -0.1369 0.4931 0.9065

0.801 3.01 0.9128 0.8407 -0.7693 0.2386 -0.4604 0.0069 0.0729 0.0898 -0.1499 0.9150 0.9117

0.801 4.02 0.9337 0.8850 -I.1876 0.3132 -0.6196 0.0090 0.0744 0.0931 -0.1591 1.3418 0.9124

0.800 4.49 0.9390 0.8973 -1.3923 0.3495 -0.6946 0.0126 0.0773 0.0948 -0.1605 1.5516 0.9121

0.800 5.00 0.9428 0.9066 -1.6091 0.3878 -0.7759 0.0159 0.0801 0.0956 -0.1648 1.7748 0.9114

0.601 1.02 0.0000 0.0000 0.0888 0.0898 -0.1488 0.0249 0.0888 0.0898 -0.I488 0.0081 0.0000

0.601 1.99 0.8605 0.7931 -0.6878 0.2239 -0.4232 0.0058 0.0642 0.0909 -0.1496 0.8673 0.9082

0.601 3.01 0.9105 0.8751 -I.4131 0.3611 -0.7131 0.0153 0.0726 0.0986 -0.1653 1.6149 0.9116

0.601 4.02 0.9363 0.9107 -2.1699 0.4885 -0.9852 0.0106 0.0714 0.0975 -0.1673 2.3826 0.9120

0.601 4.50 0.9413 0.9194 -2.5344 0.5527 -I.II82 0.0169 0.0773 0.1002 -0.1692 2.7566 0.9117

0.602 4.99 0.9451 0.9264 -2.8987 0.6161 - 1.2501 0.0206 0.0792 0. I010 -0.1728 3.1290 0.9112
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Table 12. Static and Aeropropulsive Characteristics for SCF Nozzle; L//dt = 1.20; 6v,u = 20 °

(a) Static performance

M NPR Fr/F_ F/Fz 6_,, deg Fs/Fi YM/Fib CF CF, S Cn.j CF, i wp/w_

0.000 2.01 0.9014 0.8481

0.000 2.51 0.9344 0.8785

0.000 3.01 0.951 i 0.8944

0.003 3.50 0.9599 0.9034

0.000 4.01 0.9671 0.9102

0.000 4.50 0.9716 0.9147

0.000 4.94 0.9738 0.9174

19.80 0.3053 -0.0851 0.1881 0.0677 -0.1385 0.2218 0.9054

19.93 0.3185 -0.0891 0.2762 0.1001 -0.2056 0.3144 0.9083

19,89 0.3235 -0.0900 0.3661 0.1324 -0.2705 0.4094 0.9085

19.75 0.3243 -0.0909 0.4527 0.1625 -0.3343 0.5011 0.9088

19.74 0.3266 -0.0912 0.5458 0.1959 -0.4014 0.5996 0.9093

19.70 0.3276 -0.0913 0.6361 0.2278 -0.4662 0.6954 0.9097

19.60 0.3266 -0.0912 0.7185 0.2558 -0.5243 0.7832 0.9091

(b) Aeropropulsive characteristics

F-D F-D Wp/W_
Al NPR _ -K-, CD-F Cy, t C,,,t CD,n CD Cy Cn CF,1

1.271 0.84 0.0003 0.0000 0.2271 0.1121 -0.2387 0.1694 0.2271 0.1121 -0.2387 0.0038 0.0000

1.271 4.00 0.6788 0.5647 -0.2994 0.2893 -0.6100 0.1223 0.1827 0.1163 -0.2555 0.5302 0.911 I

1.271 4.53 0.7002 0.6032 -0.3746 0.3233 -0.6843 0.1325 0.1928 0.1202 -0.2686 0.6211 0.9122

1.272 6.02 0.7684 0.6989 -0.6168 0.4120 -0.8713 0.1316 0.1930 0.1265 -0.2846 0.8825 0.9109

1.271 8.03 0.8130 0.7624 -0.9492 0.5286 - 1.1132 0.1243 0.1873 0.1320 -0.2958 1.2451 0.9107

1.200 0.82 0.0000 0.00(30 0.25 ! 8 0. I ! 88 -0.2429 0.1869 0.2518 0. I 188 -0.2429 0.0039 0.0000

1.200 3.02 0.5579 0.3938 -0.1606 0.2569 -0.5294 0.1370 0.2039 0.1250 -0.2601 0.4079 0.9099

1.202 4.03 0.6788 0.5668 -0.3398 0.3241 -0.6731 0.1373 0.2044 0.1288 -0.2730 0.5995 0.9130

1.202 4.52 0.7160 0.6186 -0.4287 0.3583 -0.7443 0.1366 0.2041 0.1317 -0.2806 0.6930 0.9124

I. 199 5.99 0.7748 0.7098 -0.7008 0.4584 -0.9534 0.1 40 1 0.2043 0.1393 -0.2974 0.9874 0.9117

I. 199 8.02 0.8183 0,7722 - 1.0794 0.5881 - 1.2249 0.1313 0.1958 0.1433 -0.3078 1.3978 0.9112

0.901 i .00 0.0000 0.0000 0.1439 0.1420 -0.2464 0.0722 0.1439 0.1420 -0.2464 0.0048 0.0000

0.900 2.02 0.7377 0.5672 -0.2243 0.2609 -0.4827 0.0441 0.1115 0.1400 -0.2353 0,3955 0.9058

0.900 3.02 0.8097 0.7157 -0.5196 0.3978 -0.7649 0.0595 0.1278 0.1636 -0.2866 0.7260 0.9118

0.900 4.02 0.8509 0.7876 -0.8374 0.5121 -0.9953 0.0618 0.1290 0.1653 -0.2847 1.0631 0.9113

0.901 4.5 ! 0.8634 0.8090 -0.9956 0.5683 - 1.1085 0.0624 0.1293 0.1655 -0.2843 1.2307 0.9112

0.901 6.00 0.8831 0.8458 - 1.4799 0.7459 - 1.4654 0.0598 0.1251 0.1800 4).3023 1.7496 0.9107

0.800 0.99 0.0000 0.0003 0,1464 0.1631 -0.2831 0.0768 0.1464 0.1631 -0.2831 0.0055 0.00130

0.801 2.00 0.7491 0.6202 -0.3063 0.3065 -0.5684 0.0475 0. I 111 0.1562 -0.2610 0.4939 0.9081

0.800 2.99 0.8198 0.7496 -0.6802 0.4708 -0.9060 0.0641 0.1279 0.1784 -0.3088 0.9075 0.9124

0.801 4.01 0.8581 0.8115 -I.0879 0.6167 -1.2013 0.0675 0.1299 0.1797 -0.3058 1.3405 0.9117

0.801 4.51 0.8684 0.8290 - 1.2903 0.6875 - 1.3461 0.0700 0.1314 O. 1784 -0.3043 1.5565 0.9117

0.802 5.00 0.8766 0.8425 - 1.4889 0.7574 - 1.4885 0.0701 0.1304 0.1813 -0.3073 1.7673 0.9110

0.601 0.99 0.0000 0.0000 0.1463 0.1650 -0. 2790 0.0797 0.1463 0.1650 -0. 2790 0.0082 0.0000

0.601 2.00 0.7804 0.7116 -0.6238 0.4332 -0.8207 0.0571 O. 1175 0.1664 -0.2749 0.8766 0.9078

0.602 3.01 0.8411 0.8044 - 1.2999 0.7088 - 1.3906 0.0799 0.1393 0.1881 -0.3273 1.6160 0.9124

0.602 4.02 0.8759 0.8490 -2.0158 0.9636 - 1.9050 0,0781 0.1420 0.1893 -0.3183 2.3744 0.9113

0.601 4.52 0.8845 0.8621 -2.3887 1.0928 -2.1720 0.0813 0.1433 0.1864 -0.3169 2.7709 0.9112

0.601 5.00 0.8901 0.8710 -2.7394 1.2140 -2.4212 0.0825 0.1425 0.1886 -0.3192 3.1451 0.9108

29



Table 13. Static and Aeropropulsive Characteristics for SCF Nozzle; Lf/dt = 0.94; 6v,u = 0 °

(al Static performance

M NPR Fr/Fi F/F_

0.000 2.00 0.8891 0.8891

0.000 2.51 0.9182 0.9182

0.000 2.99 0.9325 0.9325

0.000 3.50 0.9467 0.9467

0.000 4.00 0.9572 0.9572

0.000 4.51 0.9634 0.9634

0.000 5.00 0.9684 0.9684

0.000 6.01 0.9708 0.9708

0.000 7.00 0.9698 0.9698

0.000 7.52 0.9691 0.9691

¢_,, deg Fs/F _ YM/Fib CF CF, S Cn,j CFA Wp/W i

0.05 0.0007 0.0000 0.1955 0.0002 0.0000 0.2199 0.9003

0.14 0.0023 -0.0006 0.2900 0.0007 -0.0013 0.3159 0.9086

0.03 0.0004 -0.0006 0.3792 0.0002 -0.0018 0.4066 0.9090

0.03 0.0005 -0.0006 0.4759 0.0003 -0.0023 0.5027 0.9076

0.01 0.0002 -0.0007 0.5740 0.0001 -0.0029 0.5997 0.9077

0.03 0.0005 -0.0007 0.6725 0.0004 -0.0034 0.6981 0.9082

0.04 0.0007 -0.0006 0.7690 0.0005 -0.0036 0.7941 0.9074

0.05 0.0008 -0.0006 0.9679 0.0008 -0.0047 0.997 ! 0.9073

0.06 0.0010 -0.0006 1.1602 0.0011 -0.0049 1.1964 0,9065

0.06 0.0011 -0.0005 1.2616 0.0014 -0.0052 1.3018 0.9056

(b) Aeropropulsive characteristics

M NPR F-D F-D
_ CD-F Cy.t Cn.t CD,n C O Cy C. CF. i Wp/W i

1.272 4.02 0.7395 0.6179 -0.3293 0.0054 -0.0090 0. 1156 0.1804 0.0053 -0.0064 0.5329 0.9097

!.272 4.55 0.7754 0.6702 -0.4182 0.0057 -0.0097 0. i 179 0.1835 0.0054 -0.0066 0.6239 0.9089

1.272 6.02 0.8375 0.7616 -0.6707 0.0052 -0.0111 0.1183 0.1851 0.0044 -0.0070 0.8807 0.9078

1.272 8.01 0.8822 0.8275 - 1.0259 0.0049 -0.0135 0.1044 0.1722 0.0035 -0.0087 1.2398 0.9085

1.202 0.91 0.0000 0.0000 0.2283 0.0082 -0.0040 0.1631 0.2283 0.0082 -0.0040 0.0039 0.0000

1.201 3.02 0.6146 0.4507 -0.1839 0.0101 -0.0071 0.1298 0.1967 0.0099 -0.0053 0.4079 0.9102

1.201 3.99 0.7386 0.6244 -0.3700 0.0101 -0.0080 0.1294 0.1971 0.0100 -0.0052 0.5926 0.9087

1.201 4.52 0.7742 0.6757 -0.4694 0.0099 -0.0087 0.1308 0.1992 0.0096 -0.0053 0.6947 0.9103

1.201 6.01 0.8349 0.7653 -0.7572 0.0093 -0.0102 0.1331 0.2020 0.0085 -0.0056 0.9894 0.9099

1.201 7.99 0.8804 0.8302 - 1. ! 503 0.0088 -0.0133 0.1202 0.1897 0.0073 -0.0080 1.3855 0.9077

0.950 1.06 0.0000 0.0000 0.1046 0.0255 -0.0190 0.0143 0.1046 0.0255 -0.0190 0.0046 0.0000

0.950 3.01 0.9238 0.7937 -0.5164 0.0209 -0.0125 0.0053 0.0900 0.0206 -0.0097 0.6506 0.9107

0.951 4.02 0.9489 0.8613 -0.8222 0.0209 -0.0142 0.0064 0.0901 0.0207 -0.0096 0.9546 0.9101

0.951 4.50 0.9539 0.8782 -0.9688 0.0211 -0.0150 0.0101 0.0936 0.0205 -0.0096 1.1032 0.9093

0.950 5.00 0.9566 0.8911 -I.1211 0.0208 -0.0162 0.0149 0.0972 0.0199 -0.0105 1.2580 0.9083

0.951 7.00 0.9634 0.9200 -I.7397 0.0210 -0.0210 0.0103 0.0923 0.0192 -0.0133 1.8909 0.9085

1.272 0.9 ! 0.0000 0.0000 0.2176 0.0047 -0.0072 O. 1573 0.2176 0.0047 -0.0072 0.0038 0.000{3

0.906 1.05 0.0000 0.0000 O. i 007 0.0267 -0.0245 0.0208 O. 1007 0.0267 -0.0245 0.0048 0.0000

0.903 2.01 0.8791 0.6839 -0.2634 0.0182 -0.0103 0.0057 0.0809 0.0179 -0.0102 0.3851 0.8965

0.903 3.02 0.9088 0.8062 -0.5824 0.0178 -0.0112 0.0168 0.0910 0.0175 -0.0080 0.7224 0.9108

0.904 4.01 0.9407 0.8708 -0.9154 0.0185 -0.0140 0.0154 0.0889 0.0183 -0.0090 1.0512 0.9102

0.900 4.52 0.9488 0.8906 -1.1017 0.0174 -0.0148 0.0169 0.0889 0.0167 -0.0087 1.2371 0.9100

0.901 6.00 0.9594 0.9194 -1.6130 0.0172 -0.0191 0.0176 0.0878 0.0158 -0.0109 1.7544 0.9095

0.850 1.03 0.0000 0.0000 0.1000 0.0699 -0.1123 0.0236 0.1000 0.0699 -0.1123 0.0051 0.0000

0.85 i 2.02 0.8856 0.7250 -0.3175 0.0173 -0.0097 0.0036 0.0739 0.0170 -0.0096 0.4379 0.8977

0.853 3.00 0.9097 0.8277 -0.6667 0.0172 41.0128 0.0172 0.0832 0.0168 -0.0092 0.8054 0.9113

0.851 4.00 0.9388 0.8849 -!.0471 0.0177 -0.0160 0.0204 0.0841 0.0174 -0.0103 1.1833 0.9094

0.852 4.52 0.9467 0.9012 - i.2433 0.0163 -0.0157 0.0220 0.0847 0.0156 -0.0089 1.3796 0.9098

0.85 i 6.01 0.9569 0.9263 -I.8213 0.0160 -0.0194 0.0256 0.0858 0.0144 -0.0102 1.9663 0.9090

0.804 1.03 0.0000 0.0000 0.1007 0.0662 -0.1061 0.0270 0.1007 0.0662 -0.1061 0.0055 0.0000

0.803 2.02 0.8792 0.7429 -0.3648 0.0163 -0.0102 0.0081 0.0750 0.0159 -0.0100 0.4911 0.8958

0.801 3.00 0.9118 0.8402 -0.7634 0.0159 -0.0133 0.0178 0.0829 0.0155 -0.0093 0.9086 0.9105

0.802 4.02 0.9413 0.8940 -!.2011 0.0160 -0.0164 0.0186 0.0821 0.0157 -0.0100 1.3434 0.9105

0.802 4.52 0.9484 0.9085 -I.4138 0.0153 -0.0172 0.0217 0.0838 0.0145 -0.0095 1.5563 0.9100

0.802 5.01 0.9529 0.9186 - 1.6279 0.0146 -0.0179 0.0257 0,0865 0.0134 -0.0099 1.7722 0.9091

0.604 1.02 0.0000 0.0000 0.0936 0.0448 -0.0659 0.0220 0.0936 0.0448 -0.0659 0.0081 0.00{30

0.604 2.01 0.8814 0.8055 -0.7007 0.0145 -0.0110 0.0074 0.0734 0.0138 -0.0108 0.8699 0.9009

0.603 3.01 0.9204 0.8807 -IAI50 0.0147 -0.0181 0.0194 0.0833 0.0140 -0.0110 1.6066 0.9097

0.602 4.01 0.9486 0.9228 -2.1891 0.0136 -0.0219 0.0189 0.0800 0.0131 -0.(1105 2.3721 0.9087

0.602 4.51 0.9535 0.9322 -2.5699 0.0124 -0.0245 0.0262 0.0847 0.0110 -0.0109 2.7567 0.9091

0.603 5.01 0.9572 0.9392 -2.9489 0.0122 -0.0266 0.0326 0.0892 0.0100 -0.0124 3.1400 0.9088
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Table 14. Static and Aeropropulsive Characteristics for SCF Nozzle; Lf/dt = 1.46; 6v,y = 0 °

(a) Static performance

M NPR Fr/F, F/F_ 6y, deg Fs/F i YM/Fib CF CF, S Cn,3 CF a Wp/Wi

0.000 1.98 0.8720 0.8720

0.000 2.49 0.9161 0.9161

0.000 3.00 0.9406 0.9406

0.000 3.50 0.9509 0.9509

0.000 4.00 0.9591 0.9591

0.000 4.51 0.9640 0,9640

0.1300 5.0 i 0.9670 0.9670

0.000 6.02 0.9694 0.9694

0.000 7.0 ! 0.9693 0,9693

0.000 7.53 0.9694 0.9694

-0.02 -0,0003 0.0003 0.1901 -0.0001 0.0005 0.2180 0.9116

-0.03 -0.0004 -0.0001 0.2860 -0.0001 -0.0001 0.3122 0.9129

-0.06 -0.0010 -0.0002 0.3832 -0.0004 -0.0006 0.4074 0.9134

-0.07 -0.0011 -0.0003 0.4776 -0.0005 -0.0010 0.5023 0.9131

-0.1 i -0.0018 -0.0003 0.5738 -0.0011 -0.0011 0.5983 0.9128

-0.10 -0.0017 -0.0002 0.6724 -0.0012 -0.0013 0.6975 0.9127

-0.09 -0.0014 -0.0002 0.7706 -0.0011 -0.0013 0.7970 0.9126

-0,08 -0,0014 -0.0001 0.9675 -0.0014 -0.0006 0.9980 0.9121

-0,08 -0,0014 0.0000 1,1598 -0.0017 0.0002 1.1966 0.9110

-0.06 -0.001 i 0.0001 1.2623 -0.0014 0.0005 1.3022 0.9106

(b) Aeropropulsive characteristics

M NPR _F-D -lY( "-'F-D CD-F Cyt , Cn ,t CD,n CD Cy Cn CF, i Wp/Wl

1.270 1.03 0.0000 0,00013 0.1712 -0.0076 0.0250 0.1128 0.1712 -0.0076 0.0250 0.0038 0.01300

1.272 3,99 0.7636 0.6474 -0.3417 0.0056 -0.0083 0.1026 0,1640 0.0065 -0.0073 0.5278 0.9147

1.271 4.50 0.7912 0.6938 -0.4266 0.0048 -0,0086 0.1067 0.1665 0.0059 -0.0075 0.6149 0,9131

1.271 6.02 0.8549 0.7857 -0.6941 0.0038 -0.0085 0.1007 0.1618 0.0051 -0.0080 0.8834 0.9141

1.271 8.01 0.8910 0.8410 -1.0438 0.0033 -0.0098 0.0952 0.1573 0.0043 -0.0106 1.2412 0.9133

1.200 0.98 0.0000 0.0000 0.1946 -0.0099 0.0375 0.1290 0.1946 -0.0099 0.0375 0.0039 0.0000

1.198 2.98 0.6637 0.4951 -0.1990 0.0086 -0.0064 0.1112 0.1790 0.0090 -0.0058 0.4020 0.9136

1.201 4.03 0.7706 0.6618 -0.3962 0.0092 -0.0075 0. ! ! 25 0.1776 0.0103 -0.0064 0.5986 0.9146

1.201 4.52 0.8015 0.7069 -0.4901 0.0085 -0.0072 0.1124 0.1780 0.0096 -0.0060 0.6933 0.9141

1.201 6.01 0.8611 0.7941 -0.7837 0.0077 -0.0077 0.1057 0.1719 0.0091 -0.0071 0.9869 0.9146

1.201 8.02 0.8965 0.8481 -I.1792 0.0073 -0.0093 0.0983 0.1656 0.0084 -0.0101 1.3904 0.9137

0.95 ! 1.09 0.00130 0.01300 0.0725 0.0268 -0.0236 -0.0198 0.0725 0.0268 -0.0236 0.0046 0.0000

0.951 3.02 0.9827 0.8468 -0.5499 0.0184 -0.0096 -0.0277 0.0606 0.0190 -0.0087 0.6494 0.9148

0.950 4.01 0.9846 0.8931 -0.8505 0.0177 -0.0104 -0.0260 0.0611 0.0194 -0.0086 0.9523 0.9153

0.950 4.50 0.9868 0.9078 -0.9996 0.0174 -0.0106 -0.0253 0.0616 0.0192 -0.0087 1.1010 0.9135

0.951 5.00 0.9885 0,9192 -I.1538 0.0182 -0.0126 -0.0265 0.0605 0.0200 -0.0106 1.2552 0.9130

0.953 7.02 0.9849 0.9392 -I.7734 0.0156 -0.0130 -0.0322 0,0541 0,0183 -0.0133 1.8882 0.9135

0.901 1.08 0.0000 0.0000 0.0640 0.0 !93 -0.0136 4).0148 0.0640 0,0193 -0.0136 0.0048 0.0000

0.901 1.98 0.9428 0.7487 -0.2840 0.0174 -0.0104 -0.0251 0.0485 0.0175 -0.0112 0,3793 0.9062

0.903 3.02 0.9647 0.8621 -0.6211 0.0171 -0.0094 -0.0171 0.0567 0.0178 -0.0084 0.7205 0.9140

0.902 3.99 0.9730 0.9044 -0.9497 0.0159 -0.0089 -0.0162 0.0559 0.0178 -0.0069 1.0501 0.9147

0.900 4.48 0.9790 0.9180 -I.1193 0.0163 -0.0109 -0.0197 0.0547 0.0184 -0.0088 1.2193 0.9142

0.902 5.98 0.9801 0.9384 -I.6328 0.0139 -0.0118 -0.0198 0.0526 0.0163 -0.0107 1.7400 0.9138

0.850 1.07 0.00130 0.00130 0.0634 0.0179 -0.0107 -0.0105 0.0634 0.0179 -0.0107 0.0051 0.0000

0.$51 2.02 0.9274 0.7750 -0.3430 0.0152 -0.0071 -0.0211 0.0463 0.0154 -0.0079 0.4425 0.9090

0.851 2.99 0.9529 0.8723 -0.6966 0.01 50 -0.0083 -0.0103 0.0540 0.0158 -0.0072 0.7986 0.91 40

0.852 3.99 0.9741 0.9153 -1.0775 0.0148 -0.0102 -0.0192 0.0500 0.0169 -0.0079 1.1772 0.9145

0.852 4.51 0.9757 0.9261 -1.2732 0.0136 -0.0102 -0.0177 0.0506 0.0159 -0.0077 !.3749 0.9144

0.848 6.00 0.9763 0.9427 -1.8624 0.0121 -0.0125 -0.0157 0.0506 0.0149 -0.0113 1.9756 0.9141

0.800 1.06 0.0000 0.0000 0.0648 0.0166 -0,0118 -0.0064 0.0648 0.0166 -0.0118 0.0055 0.0000

0.799 1.99 0.9189 0.7845 -0.3842 0.0132 -0.0054 -0.0216 0.0442 0.0134 -0.0065 0.4897 0.9099

0.800 2.99 0.9538 0.8816 -0.7981 0.0142 -0.0089 -0.0141 0.0512 0.0151 -0,0076 0.9052 0.9156

0.801 4.03 0.9668 0.9190 -1.2377 0.0131 -0.0101 -0.0112 0.0531 0.0156 -0,0076 i.3467 0.9143

0.801 4.52 0.9700 0.9292 -1.4494 0.0124 -0.0112 -0.0104 0.0532 0.0151 -0.0084 1.5598 0.9140

0.801 5.02 0.9716 0.9361 -1.6623 0.0104 -0.0102 -0.0098 0.0531 0.0130 -0.0074 1.7757 0.9141

0.600 1.03 0,0000 0.0000 0.0665 0.0158 -0.0128 0.0014 0.0665 0.0158 -0,0128 0.0082 0.0000

0.601 2.00 0.9004 0.8310 -0,7250 0.(1078 0.0026 -0.0237 0.0368 0.0081 0.0009 0.8724 0.9123

0.602 2.99 0.9493 0.9116 -1,4577 0.0111 -0.0081 -0.0164 0.0439 0.0127 -0.0059 1.5990 0.9145

0.602 4.00 0.9620 0.9373 -2,2141 0.0f_ 1 -0.0111 -0.0088 0.0493 0.0133 -0.0066 2.3621 0.9139

0.602 4.52 0.9702 0.9475 -2.6115 0.(1071 -0.0120 -0.0194 0.0430 0.0118 -0.0071 2.7561 0.9139

0.602 5.00 0.9712 0.9517 -2.9773 0.0058 -0.0132 -0.0160 0.0452 0.0 ! 04 -0.0082 3.1285 0.9137
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Table 15. Static Pressure Coefficients for NVA Nozzle; Lf/dt = 0.94;_v,y -- 0 °

(a) 0 =-90 °

Static pressure coefficients for x/Ln o_

M NPR -i.028 -0.738 -0.286 0.060 0.168 0.275 0.387 0.508 0.628 0.764 0.915

!.276 1.06 -0.125 -0.134 -0.178 -0.241 -0.386 -0.384 -0.355 -0.303 -0.138 -0.050 -0.010

!.274 4.01 -0.128 -0.135 -0.182 -0.245 -0.393 -0.392 -0.362 -0.312 -0.132 -0.046 -0.008

1.274 4.51 -0.130 -0.139 -0.185 -0.247 -0.395 -0.394 -0.364 -0.320 -0.142 -0.050 -0.011

1.275 6.01 -0.135 -0.145 -0.194 -0.253 -0.402 -0.402 -0.370 -0.249 -0.093 -0.042 -0.016

1.274 8.02 -0.140 -0.150 -0.204 -0.259 -0.409 -0.412 -0.327 -0.126 -0.069 -0.041 -0.026
1.205 1.01 -0.131 -0.145 -0.205 -0.278 -0.436 -0.433 -0.354 -0.148 -0.082 -0.049 -0.025

1.202 3.01 -0.135 -0.148 -0.212 -0.281 -0.443 -0.440 -0.392 -0.174 10.087 -0.051 -0.026

1.202 4.02 -0.135 -0.148 -0.214 -0.281 -0.444 -0.443 -0.400 -0.203 -0.092 -0.051 -0.026

1.202 4.51 -0.136 -0.149 -0.216 -0.282 -0.446 -0.446 -0.404 -0.225 -0.097 -0.052 -0.026

1.203 6.02 -0.136 -0.149 -0.218 -0.283 -0.448 -0.449 -0.381 -0.155 -0.081 -0.048 -0.027

1.202 8.00 -0.135 -0.148 -0.219 -0.283 -0.449 -0.446 -0.173 -0.108 -0.066 -0.043 -0.029

0.952 1.11 -0.253 -0.258 -0.271 -0.300 -0.129 -0.032 0.015 0.052 0.081 0.108 0.132

0.953 3.02 -0.244 -0.244 -0.245 -0.236 -0.084 0.012 0.061 0.096 0.124 0.146 0.165

0.951 4.02 -0.243 -0.240 -0.232 -0.239 -0.088 0.014 0.067 0.102 0.133 0.155 0.173

0.951 4.52 -0.239 -0.232 -0.226 -0.246 -0.089 0.012 0.065 0.101 0.132 0.155 0.173
0.951 5.02 -0.236 -0.231 -0.226 -0.237 -0.082 0.017 0.068 0.104 0.134 0.156 0.174

0.953 7.01 -0.226 -0.222 -0.213 -0.192 -0.052 0.043 0.094 0.128 0.158 0.178 0.193

0.900 1.10 -0.195 -0.188 -0.227 -0.365 -0.212 -0.064 0.009 0.057 0.095 0.125 0.150

0.901 2.00 -0.180 -0.171 -0.201 -0.275 -0.147 -0.009 0.059 0.104 0.139 0.165 0.188
0.901 3.00 -0.176 -0.167 -0.200 -0.279 -0.151 -0.012 0.058 0.105 0.140 0.168 0.191

0.903 4.00 -0.169 -0.160 -0.191 -0.265 -0.137 0.(}02 0.072 0.117 0.153 0.180 0.202

0.902 4.51 -0.160 -0.151 -0.183 -0.257 -0.130 0.008 0.078 0.124 0.159 0.187 0.209

0.902 6.01 -0.148 -0.138 -0.167 -0.229 -0.105 0.031 0.100 0.144 0.178 0.204 0.226

0.851 1.09 -0.177 -0.172 -0.217 -0.321 -0.226 -0.079 -0.003 0.048 0.089 0.119 0.147
0.851 2.01 -0.160 -0.153 -0.186 -0.258 -0.164 -0.024 0.050 0.101 0.141 0.172 0.198

0.850 3.00 -0.152 -0.146 -0.180 -0.255 -0.161 -0.020 0.056 0.106 0.146 0.178 0.204

0.850 4.00 -0.144 -0.138 -0.172 -0.244 -0.151 -0.010 0.065 0.116 0.155 0.186 0.212

0.848 4.51 -0.133 -0.126 -0.158 -0.230 -0.138 0.003 0.079 0.129 0.168 0.199 0.226

0.850 6.00 -0.127 -0.118 -0.150 -0.212 -0.118 0.022 0.096 0.146 0.184 0.213 0.239

0.802 1.07 -0.169 -0.165 -0.209 -0.300 -0.225 -0.087 -0.010 0.039 0.078 0.111 0.137

0.801 2.00 -0.145 -0.139 -0.173 -0.239 -0.163 -0.028 0.048 0.098 0.140 0.174 0.202
0.801 3.01 -0.136 -0.130 -0.164 -0.234 -0.158 -0.022 0.054 0.104 0.145 0.179 0.207

0.802 4.01 -0.130 -0.124 -0.157 -0.224 -0.148 -0.012 0.064 0.114 0.155 0.189 0.216

0.802 4.51 -0.122 -0.116 -0.149 -0.216 -0.139 -0.003 0.073 0.123 0.163 0.198 0.225

0.802 5.01 -0.117 -0.112 -0.144 -0.209 -0.131 0.006 0.081 0.131 0.171 0.205 0.233

0.602 1.04 -0.151 -0.148 -0.186 -0.254 -0.205 -0.090 -0.024 0.023 0.058 0.088 0.117
0.603 2.00 -0.136 -0.131 -0.162 -0.219 -0.167 -0.050 0.017 0.066 0.104 0.138 0.173

0.604 3.01 -0.128 -0.124 -0.152 -0.213 -0.160 -0.043 0.024 0.074 0.Ill 0.144 0.178

0.605 4.00 -0.120 -0. I 15 -0.145 -0.204 -0.1 50 -0.031 0.034 0.086 0.121 0.157 0.192

0.607 4.51 -0.108 -0.104 -0.130 -0.189 -0.133 -0.013 0.050 0.103 0.136 0.173 0.209
0.601 5._00 -0.088 -0.085 -0.105 -0.166 -0.109 0.015 0.076 0.129 0.160 0.198 0.236
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Table 15. Continued

(b) ¢ = 0 °

Static pressure coefficients for x/Ln of-

M NPR -I.489 -I.028 -0.738 -0.498 -0.286 -0.093 0.060 0.168 0.275 0.387 0.508 0.628 0.764

1.276 1.06 -0.089 -0.129 -0.146 -0.158 -0.159 -0.168 -0.250 -0.402 -0.394 -0.360 -0.200 -0.079 -0.034

1.274 4.01 -0.092 -0.132 -0.150 -0.164 -0.166 -0.176 -0.256 -0.409 -0.400 -0.367 -0.289 -0.1 I0 -0.044

1.274 4.51 -0.096 -0.135 -0.155 -0.168 -0.169 -0.179 -0.257 -0.411 -0.402 -0.369 -0.308 -0.123 -0.048

1.275 6.01 -0.105 -0.140 -0.165 -0.178 -0.178 -0.186 -0.261 -0.413 -0.405 -0.373 -0.205 -0.086 -0.045

1.274 8.02 -0.114 -0.146 -0.174 -0.187 -0.187 -0.196 -0.266 -0.417 -0.410 -0.234 -0.108 -0.074 -0.047

1.205 1.01 -0.108 -0.143 -0.164 -0.175 -0.172 -0.180 -0.272 -0.438 -0.423 -0.384 -0.266 -0.113 -0.054

1.202 3.01 -0.112 -0.146 -0.170 -0.181 -0.178 -0.186 -0.274 -0.441 -0.427 -0.387 -0.218 -0.091 -0.043

1.202 4.02 -0.114 -0.147 -0.173 -0.184 -0.180 -0.190 -0.275 -0.441 -0.428 -0.389 -0.251 -0.099 -0.046

1.202 4.51 -0. I 17 -0.148 -0.176 -0. ! 87 -0.183 -0.192 -0.276 -0.441 -0.428 -0.389 -0.268 -0.105 -0.047

1.203 6.02 -0.118 -0.148 -0.178 -0.189 -0.185 -0. ! 94 -0.277 -0.44 1 -0.428 -0.385 -0.178 -0.080 -0.039

1.202 8.00 -0.119 -0.148 -0.180 -0.191 -0.186 -0.195 -0.277 -0.441 --0.428 -0.221 -0.097 -0.060 --0.035

0.952 1.11 -0.2 i 2 -0.265 -0.276 -0.270 -0.242 -0.252 -0.338 -0.152 -0.034 0.018 0.055 0.085 O. 11 I

0.953 3.02 -0.210 -0.260 -0.268 -0.254 -0.213 -0.214 -0.273 -0.103 0.013 0.066 0.100 0.128 0.152

0.951 4.02 -0.209 -0.258 -0.263 -0.244 -0.204 -0.211 -0.277 -0.108 0.016 0.072 O. 107 O. 136 O. 160

0.951 4.52 -0.207 -0.253 -0.259 -0.234 -0.197 -0.208 -0.290 -0.107 0.015 0.070 0.105 0.135 0.159

0.951 5.02 -0.206 -0.251 -0.259 -0.237 -0.196 -0.208 -0.285 -0.102 0.020 0.075 O. 109 O. 138 O. 163

0.953 7.01 -0.196 -0.242 -0.254 -0.234 4}. 186 -0.185 -0.239 -0.069 0.049 O. 103 O. ! 36 O. 162 O. 184

0.900 1.10 -0.188 -0.201 -0.196 -0.195 -0.193 -0.247 -0.408 -0.237 -0.069 0.006 0.057 0.095 0.125

0.901 2.00 -0.178 -0.186 -0.179 -0.176 -0.171 -0.216 -0.315 -0.168 -0.016 0.056 0.104 0.140 0.168

0.901 3.00 -0.175 -0.183 -0.177 -0.173 -0.169 -0.214 -0.320 -0.171 -0.016 0.057 0.106 0.142 0.170

0.903 4.00 -0.166 -0.176 -0.169 -0.165 -0.161 -0.206 -0.308 -0.157 -0.002 0.071 0.119 0.155 0.184

0.902 4.51 -0.159 -0.168 -0.162 -0.157 -0.152 -0.197 -0.300 -0.152 0.004 0.076 0.126 0.162 0.190

0.902 6.01 -0.147 -0.155 -0.148 -0.143 -0.137 -0.180 -0.273 -0.128 0.025 0.098 0.146 0.182 0.209

0.851 1.09 -0.168 -0.182 -0.180 -0.183 -0.185 -0.237 -0.355 -0.250 -0.086 -0.007 0.046 0.086 0.118

0.851 2.01 -0.153 -0.164 -0.159 -0.160 -0.157 -0.199 -0.289 -0.188 -0.032 0.045 0.099 0.140 0.172

0.850 3.00 -0.145 -0.156 -0.152 -0.152 -0.150 -0.193 -0.282 -0.181 -0.025 0.053 0.106 0.147 0.179

0.850 4.00 -0.137 -0.149 -0.143 -0.144 -0.142 -0.184 -0.273 -0.173 -0.017 0.061 0.115 0.156 0.188

0.848 4.51 -0.125 -0.137 -0.131 -0.132 -0.129 -0.172 -0.263 -0.163 -0.005 0.073 0.128 0.169 0.201

0.850 6.00 -0.120 -0.132 -0.125 -0.124 -0.120 -0.161 -0.245 -0.144 0.012 0.090 0.145 0.185 0.217

0.802 1.07 -0.161 -0.173 -0.172 -0.176 -0.177 -0.225 -0.326 -0.246 -0.094 -0.015 0.038 0.076 0.106

0.801 2.00 -0.138 -0.149 -0.145 -0.146 -0.143 -0.184 -0.267 -0.186 -0.037 0.043 0.098 0.138 0.171

0.801 3.01 -0.128 -0.140 -0.136 -0.137 -0.135 -0.176 -0.262 -0.181 -0.031 0.049 0.104 0.144 0.177

0.802 4.01 -0.121 -0.133 -0.130 -0.130 -0.128 -0.168 -0.252 -0.171 -0.021 0.059 0.115 0.155 0.188

0.802 4.51 -0.114 -0.126 -0.121 -0.123 -0.119 -0.161 -0.244 -0.163 -0.013 0.068 0.123 0.164 0.197

0.802 5.01 -0.110 -0.122 -0.116 -0.117 -0.115 -.0.155 -0.239 -0.157 -0.006 0.074 0.131 0.171 0.204

0.602 1.04 -0.142 -0.156 -0.154 -0.158 -0.157 -0.196 -0.273 -0.224 -0.096 -0.029 0.019 0.057 0.085

0.603 2.00 -0.127 -0.141 -0.135 -0.137 -0.134 -0.168 -0.239 -0.187 -0.059 0.010 0.062 0.102 0.138

0.604 3.01 -0.118 -0.133 -0.126 -0.128 -0.126 -0.160 -0.234 -0.183 -0.053 0.016 0.069 0.110 0.144

0.605 4.00 -0.109 -0.125 -0.116 -0.118 -0.116 -0.150 -0.222 -0.171 -0.041 0.027 0.080 0.122 0.157

0.607 4.51 -0.095 -0.112 -0.102 -0.103 -0.101 -0.136 -0.210 -0.160 -0.029 0.040 0.095 0.137 0.173

0.601 5.00 -0.070 -0.091 -0.076 -0.078 -0.076 -0.110 -0.185 -0.138 -0.006 0.064 0.121 0.162 0.198
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Table 15. Concluded

(c) ¢ = 90°

Static pressure coefficients for x/Ln of--

M NPR -I.028 -0.738 0.060 0.1o8 0.275 0.387 0.508 0.628 0.764 0.915

i .270 1.03 -0.120 -0.127 -0.242 -0.334 -0.415 -0.200 -0. I01 -0.062 -0.023 0.039

1.272 3.99 -0.133 tO.141 -0.250 -0.343 -0.422 -0.379 -0.170 -0.072 -0.026 0.034

1.271 4.50 -0.128 -0.136 -0.243 -0.337 -0.417 -0.373 -0.143 -0.064 -0.022 0.041

1.271 6.02 -0.132 -0.141 -0.246 -0.340 -0.420 -0.291 -0.107 -0.069 -0.031 0.039

1.271 8.01 -0.136 -0.144 -0.248 -0.344 -0.422 -0.152 -0.103 -0.075 -0.034 0.038

1.200 0.98 -0.138 -0.147 -0.282 -0.386 -0.468 -0.161 -0.118 -0.086 -0.052 0.022

1.198 2.98 -0.145 -0.154 -0.287 -0.393 -0.477 -0.421 -0.202 -0.097 -0.046 0.022

1.201 4.03 -0.134 -0.143 -0.280 -0.384 -0.468 -0.403 -0.147 -0.079 -0.036 0.028

1.201 4.52 -0.136 -0.145 -0.280 -0.385 -0.468 -0.38 i -0.133 -0.079 -0.039 0.028

1.201 6.01 -0.138 -0.146 -0.281 -0.386 -0.468 -0.208 -0.119 -0.086 -0.043 0.028

1.201 8.02 -0.142 -0.150 -0.283 -0.390 -0.470 -0.154 -0.115 -0.089 -0.041 0.027

0.951 1.09 -0.252 -0.248 -0.365 -0.258 -0.047 0.021 0.057 0.09 ! O.122 -0.010

0.95 ! 3.02 -0.248 -0.240 -0.333 -0.227 -0.025 0.053 0.094 O. 121 O. 147 -0.008

0.950 4.01 -0.246 -0.236 -0.328 -0.218 -0.018 0.061 0.102 0.128 0.154 -0.005

0.950 4.50 -0.246 -0.234 -0.319 -0.203 -0.010 0.064 0.106 0.131 0.158 -0.004

0.951 5.00 -0.247 -0.238 -0.300 -0.189 0.000 0.076 0.110 0.140 0.165 -0.003

0.953 7.02 -0.250 -0.243 -0.244 -0.137 0.029 0.097 0.123 0.151 0.178 -0.001

0.901 1.08 -0.190 -0.180 -0.412 -0.343 -0.104 0.029 0.078 0.114 0.139 -0.009

0.901 1.98 -0.178 -0.165 -0.338 -0.261 -0.058 0.071 0.117 0.151 0.175 -0.002

0.903 3.02 -0.178 -0.165 -0.355 -0.278 -0.069 0.062 0.109 0.142 0.165 0.001

0.902 3.99 -0.171 -0.159 -0.337 -0.263 -0.05"/ 0.074 0.121 0.156 0.180 0.006

0.900 4.48 -0.179 -0.168 -0.339 -0.264 -0.061 0.068 0.115 0.149 0.175 -0.004

0.902 5.98 -0.173 -0.161 -0.308 -0.233 -0.036 0.088 0.130 0.162 0.188 0.000

0.850 1.07 -0.169 -0.162 -0.357 -0.319 -0.128 0.019 0.073 0.108 0.132 -0.006

0.851 2.02 -0.154 -0.143 -0.305 -0.264 -0.079 0.064 0.121 0.154 0.181 0.005

0.851 2.99 -0.141 -0.132 -0.299 -0.260 -0.076 0.067 0.121 0.155 0.179 0.017

0.852 3.99 -0.158 -0.150 -0.313 -0.273 -0.088 0.056 0.111 0.146 0.174 -0.001

0.852 4.51 -0.156 -0.146 -0.304 -0.263 -0.078 0.065 0.119 0.156 0.184 0.001

0.848 6.00 -0.151 -0.142 -0.286 -0.242 -0.060 0.084 0.139 0.172 0.200 0.007
0.800 1.06 -0.160 -0.153 -0.332 -0.309 -0.137 0.008 0.065 0.100 0.121 -0.008

0.799 1.99 -0.146 -0.137 -0.287 -0.259 -0.092 0.052 0.110 0.149 0.176 -0.001

0.800 2.99 -0.144 -0.136 -0.294 -0.268 -0.100 0.044 0.101 0.136 0.162 0.003

0.801 4.03 -0.141 -0.134 -0.284 -0.257 -0.088 0.056 0.115 0.153 0.182 0.006

0.801 4.52 -0.138 -0.130 -0.281 -0.252 -0.083 0.062 0.122 0.162 0.191 0.008
0.801 5.02 -0.137 -0.128 -0.274 -0.246 -0.075 0.071 0.129 0.171 0.200 0.010
0.600 1.03 -0.137 -0.134 -0.277 -0.269 -0.135 -0.002 0.052 0.085 0.102 -0.008

0.601 2.00 -0.125 -0.120 -0.249 -0.237 -0.103 0.031 0.088 0.129 0.160 -0.001

0.602 2.99 -0.123 -0.119 -0.252 -0.240 -0.107 0.026 0.080 0.117 0.141 0.002

0.602 4.00 -0.117 -0.112 -0.241 -0.229 -0.094 0.040 0.097 0.139 0.172 0.009

0.602 4.52 -0.130 -0.126 -0.251 -0.239 -0.106 0.034 0.089 0.133 0.171 -0.005

0.602 5.00 -0.128 -0.124 -0.249 -0.235 -0.100 0.041 0.099 0.143 0.184 -0.001
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Table 16. Static Pressure Coefficients for NVA Nozzle; Lf/dt = 1.42; 6t,,v = 0 °

(a) ¢ =-90 °

M

Static pressure coefficients for x/Ln o_

NPR -0.793 -0.569 -0.221 0.072 0.207 0.332 0.457 0.583 0.710 0.832 0.945

1.270 1.08 -0.114 -0.119 -0.172 -0.220 -0.231 -0.222 -0.213 -0.203 -0.200 -0.104 0.022

1.271 4.00 -0.121 -0.127 -0.176 --0.223 -0.237 -0.230 -0.219 -0.210 -0.203 -0.070 0.032

1.271 4.52 -0.125 -0.132 -0.182 -0.225 -0.242 -0.236 -0.224 -0.215 -0.208 4).073 0.028

1.271 6.01 -0.127 -0.135 -0.186 -0.228 -0.245 -0.241 -0.227 -0.218 -0.168 -0.001 0.052

1.270 8.00 -0.129 -0.137 -0.191 -0.230 -0.248 -0.245 -0.230 -0.216 -0.067 0.048 0.073

1.201 1.04 -0.129 -0.138 -0.204 -0.252 -0.267 -0.259 -0.239 -0.225 -0.208 -0.095 0.017

1.201 3.00 -0.128 -0.138 -0.206 -0.252 -0.269 -0.262 -0.240 -0.225 -0.179 -0.031 0.043

1.200 4.00 -0.129 -0.137 -0.209 -0.253 -0.271 -0.265 -0.242 -0.227 -0.180 -0.0M 0.043

1.201 4.50 -0.128 -0.137 -0.211 -0.254 -0.272 -0.268 -0.244 -0.229 -0.181 -0.034 0.042

1.201 6.02 -0.126 -0.134 -0.211 -0.253 -0.272 -0.269 -0.243 -0.224 -0.109 0.026 0.068

1.196 8.09 -0.126 -0.133 -0.213 -0.255 -0.275 -0.272 -0.243 -0.185 -0.005 0.074 0.094

0.950 1.12 -0.237 -0.230 -0.210 -0.212 -0.104 -0.033 0.008 0.040 0.073 O. 108 O. 162

0.950 3.02 -0.226 -0.210 -0.179 -0. ! 68 -0.063 0.003 0.049 0.089 O. 132 O. 174 0.22 I

0.949 3.99 -0.221 -0.208 -0.169 -0.154 -0.054 0.011 0.059 0.099 0.143 0.185 0.230

0.949 4.50 -0.211 -0.198 -0.163 -0.153 -0.051 0.015 0.064 0.104 0.149 0.191 0.236

0.951 5.02 -0.212 -0.198 -0.161 -0.146 -0.045 0.021 0.070 0.1 I1 0.157 0.200 0.243

0.950 7.00 -0.202 -0.185 -0.147 -0.128 -0.029 0.037 0.090 O. 134 O. 184 0.229 0.267

0.899 1.10 -0.171 -0.158 -0.167 -0.198 -0.109 -0.048 -0.012 0.018 0.049 0.083 0.146

0.898 2.00 -0.153 -0.138 -0.143 4). 158 -0.069 -0.006 0.037 0.078 O. 120 O. 166 0.222

0.900 3.00 -0.152 -0.134 -0.140 -0.154 -0.065 -0.003 0.040 0.079 0.120 0.164 0.222

0.901 4.02 -0.147 -0.132 -0.135 -0.150 -0.060 0.003 0.048 0.088 0.131 0.175 0.232

0.901 4.51 -0.138 -0.122 -0.126 -0.140 -0.050 0.014 0.058 0.099 0.141 0.188 0.244

0.901 6.01 -0.133 -0.117 -0.118 -0.128 -0.037 0.028 0.074 0.118 0.163 0.213 0.265

0.850 1.08 -0.156 -0.146 -0.161 -0.187 -0.110 -0.056 -0.023 0.004 0.031 0.063 0.130

0.850 1.99 -0.145 -0.133 -0.143 -0.158 -0.079 -0.021 0.019 0.056 0.097 0.144 0.205

0.851 3.02 -0.143 -0.131 -0.140 -0.155 -0.076 -0.018 0.021 0.057 0.095 0.141 0.204

0.851 3.99 -0.135 -0.123 -0.131 -0.146 -0.067 -0.009 0.031 0.068 0.107 0.155 0.216

0.852 4.52 -0.126 -0.114 -0.122 -0.135 -0.056 0.003 0.043 0.081 0.121 0.169 0.231

0.853 6.01 -.0.123 -0.111 -0.116 -0.126 -0.046 0.015 0.057 0.098 O. 143 O. 194 0.252

0.803 1.07 -0.140 -0.129 -0.144 -0.168 -0.098 -0.048 -0.019 0.007 0.033 0.064 0.129

0.803 2.01 -0.122 -0.112 -0.120 -0.134 -0.061 -0.007 0.029 0.064 0.103 0.148 0.211

0.803 2.99 -0.116 -0.104 -0.113 -0.128 -0.055 -0.001 0.034 0.068 0.106 0.149 0.214

0.799 4.02 -0.102 -0.091 -0.100 -0.114 -0.040 0.014 0.049 0.084 0.122 0.168 0.234

0.801 4.50 -0.086 -0.074 4).081 -0.096 -0.021 0.033 0.069 O. 105 O. 143 O. i 90 0.256

0.800 5.01 -0.075 -0.063 -0.068 -0.082 -0.007 0.049 0.084 0.121 0.159 0.209 0.274

0.602 1.03 -0.125 -0.116 -0.130 -0.149 -0.091 -0.050 -0.026 -0.007 0.015 0.040 0.105

0.603 1.99 4).111 -0.101 -0.111 -0.124 -0.063 -0.019 0.010 0.036 0.067 0.103 0.171

0.602 3.00 -0.103 -0.093 -0.101 -0.115 -0.054 -0.008 0.020 0.044 0.074 0.109 0.180

0.602 4.02 -0.095 -0.085 -0.092 -0.106 -0.044 0.003 0.029 0.057 0.085 O. 126 O. 199

0.603 4.52 -0.075 -0.066 -0.067 -0.083 -0.018 0.031 0.056 0.083 O. I I I O. 153 0.229

0.599 5.01 -0.062 -0.054 -0.051 -0.069 -0.003 0.049 0.073 0.102 0.127 0.173 0.250
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Table 16. Continued

(b) ¢ = 0°

Static pressure coefficients for x/L,_ of--

M NPR -I.148 -0.793 -0.569 -0.384 -0.221 -0.072 0.072 0.207 0.332 0.457 0.710 0.832

1.270 1.08 -0.082 -0.118 -0.141 -0.154 -0.156 -0.175 -0.228 -0.240 -0.227 -0.211 -0.192 -0.124

1.271 4.00 -0.088 -0.124 -0.146 -0.159 -0.161 -0.182 -0.233 -0.245 -0.232 -0.216 -0.194 -0.072

1.271 4.52 -0.094 -0.129 -0.154 -0,166 -0.167 -0.187 -0.237 -0.249 -0.237 -0.221 -0.199 -0.073

1.271 6.01 -0.099 -0.131 -0.159 -0.171 -0.171 -0.191 -0.239 -0.251 -0.240 -0.224 -0.163 0.001

1.270 8.00 -0.102 -0.134 -0.163 -0.176 -0.175 -0.195 -0.241 -0.252 -0.241 -0.226 -0.061 0.050

i.201 1.04 -0.104 -0.140 -0.164 -0.176 -0.172 -0.184 -0.245 -0.254 -0.241 -0.227 -0.220 43.110

1.201 3.00 -0.105 -0.139 -0.167 -0.179 -0.174 10.187 -0.245 -0.252 -0.240 -0.226 -0.195 -0.038

1.200 4.00 -0.107 -0.140 -0.171 -0.182 -0.177 -0.190 -0.245 -0.252 -0.239 -0.226 -0.201 -0.045

1.201 4.50 -0.109 -0.140 -0.173 -0.185 -0.179 -0.193 -0.245 -0.251 -0.238 -0.225 -0.202 -0.044

1.201 6.02 -0.110 -0.138 -0.174 -0.185 -0.179 -0.193 -0.244 -0.248 -0.236 -0.223 -0.132 0.022

1.196 8.09 -0.108 -0.139 -0.176 -0.187 -0.180 -0.193 -0.245 -0.248 -0.237 -0.225 -0.020 0.074

0.950 I. 12 -0.200 -0.252 -0.255 -0.235 43.182 -0.158 -0.234 43. I 16 -0.035 0.006 0.066 0.099

0.950 3.02 -0.193 -0.240 -0.234 -0.202 -0.155 -0. ! 37 -0.191 -0.069 0.003 0.049 O. 129 O. 172

0.949 3.99 -0.189 -0.236 -0.231 -0.200 -0.141 -0.123 -0.173 -0.056 0.014 0.059 0.140 0.184

0.949 4.50 -0. ! 84 -0.226 -0.223 -0.189 -0.138 -0.122 -0.175 -0.055 0.017 0.064 O. 146 O. 190

0.951 5.02 -0.181 -0.227 -0.224 -0.192 -0.142 -0.120 -0.169 -0.047 0.024 0.071 0.155 0.199

0.950 7.00 -0.176 -0.217 -0.211 -0.176 -0.122 -0.101 -0.147 43.031 0.042 0.091 0.184 0.230

0.899 1.10 -0.165 -0.178 -0.167 -0.157 -0.137 -0.150 -0.221 -O.118 -0.052 -0.015 0.043 0.076

0.898 2.00 -0.154 -0.161 -0.149 -0.136 -0.113 -0.121 -0.180 -0.080 -0.011 0.033 0.114 0.161

0.900 3.00 -0.149 -0.158 -0.145 -0.132 -0.108 -0.117 -0.176 -0.075 -0.006 0.037 0.116 0.162

0.901 4.02 -0.145 -0.154 -0.141 -0.128 -0.106 -0.113 -0.171 -0.069 0.001 0.045 0.127 0.174

0.901 4.51 -0.136 -0.144 -0.132 -0.119 -0.096 -0.104 -0.161 -0.059 0.010 0.055 0.139 0.186

0.901 6.01 -0.131 -0.140 -0.127 -0.113 -0.089 -0.095 -0.149 -0.046 0.024 0.071 0.161 0.213

0.850 1.08 -0.150 -0.162 -0.154 -0.147 -0.129 -0.144 -0.206 -0.119 -0.062 -0.028 0.027 0.056

0.850 1.99 -0.142 -0.151 -0.141 -0.133 -0.112 -0.123 -0.177 -0.088 -0.027 0.014 0.092 0.138

0.851 3.02 -0.138 -0.149 -0.139 -0.130 -0.109 -0.120 -0.174 -0.085 -0.024 0.016 0.093 0.138

0.851 3.99 -0.130 -0.142 -0.132 -0.122 -0.102 -0.114 -0.167 -0.077 -0.015 0.026 0.105 0.152

0.852 4.52 -0.122 -0.132 -0.122 -0.112 -0.092 -0.103 -0.155 -0.066 -0.003 0.038 0.118 0.167

0.853 6.01 -0.118 -0.130 -0.118 -0.108 -0.087 -0.096 -0.146 10.056 0.008 0.052 0.141 0.194

0.803 1.07 -0.133 -0.145 -0.138 -0.131 -0.113 -0.129 -0.185 -0.108 -0.054 -0.023 0.027 0.054

0.803 2.01 -0.115 -0.128 -0.118 -0.110 -0.090 -0.102 -0.151 -0.070 -0.013 0.025 0.097 0.141

0.803 2.99 -0.109 -0.121 -0.111 -0.103 -0.083 -0.096 -0.146 -0.065 -0.008 0.030 0.102 0.145

0.799 4.02 -0.095 -0.107 -0.096 -0.089 -0.069 -0.081 -0.130 -0.050 0.007 0.045 O. 119 O. 164

0.801 4.50 -0.078 -0.091 -0.078 -0.071 -0.051 -0.063 -0.114 -0.034 0.025 0.064- 0.140 0.185

0.800 5.01 -0.066 -0.079 -0.066 -0.057 -0.037 -0.049 -0.099 -0.020 0.039 0.079 0.157 0.206

0.602 1.03 -0.116 -0.130 -0.122 -0.118 -0.102 -0.118 -0.164 -0.099 -0.056 -0.031 0.010 0.031

0.603 1.99 -0.104 -0.115 -0.106 -0.101 -0.084 -0.097 -0.140 10.073 -0.025 0.004 0.062 0.097

0.602 3.00 -0.093 -0.107 -0.095 -0.090 -0.073 -0.086 -0.129 -0.064 -0.017 0.013 0.071 0.108

0.602 4.02 -0.083 -0.099 -0.086 -0.081 -0.064 -0.078 -0.122 -0.055 -0.008 0.022 0.084 0.121

0.603 4.52 -0.060 -0.077 -0.060 -0.054 -0.039 -0.052 -0.100 -0.034 0.015 0.044 0.110 0.151

0.599 5.01 -0.045 -0.065 -0.044 -0.038 -0.023 -0.037 -0.085 -0.021 0.028 0.060 O. i 28 O. 171
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Table 16. Concluded

(c) ¢ = 90 °

M

Static pressure coefficients for x/Ln of--

NPR -0.793 -0.569 0.072 0.207 0.332 0.457 0.583 0.710 0.945

1.270 1.08 -0.123 -0.129 -0.221 -0.231 -0.223 -0.211 -0.200 -0.201 0.022

1.271 4.00 -0.132 4}. 139 -0.224 -0.236 -0.228 -0.216 -0.206 -0.202 0.036

1.271 4.52 -0.139 -0.145 -0.227 -0.241 -0.231 -0.220 -0.211 -0.206 0.033

1.271 6.01 -0.143 -0.149 -0.229 -0.244 -0.233 -0.224 -0.214 -0.171 0.058

1.270 8.00 -0.147 -0.153 -0.231 -0.247 -0.234 -0.226 -0.213 -0.067 0.078

1.201 1.04 -0.141 -0. !48 -0.249 -0.262 -0.248 -0.235 -0.223 -0.213 0.020

1.201 3.00 -0.143 -0.150 -0.248 -0.263 -0.247 -0.235 -0.222 -0.183 0.049

!.200 4.00 -0.146 -0.152 -0.248 -0.265 -0.248 -0.237 -0.223 -0.189 0.048

1.201 4.50 -0.147 -0.154 -0.248 -0.265 -0.246 -0.236 -0.223 -0.189 0.049

1.201 6.02 -0.147 -0.154 -0.247 -0.266 -0.246 -0.236 -0.219 -0.117 0.077

1.196 8.09 -0.148 -0.153 -0.249 -0.269 -0.249 -0.238 -0.188 -0.008 0.102

0.950 !.12 -0.244 -0.240 -0.221 -0.110 -0.033 0.007 0.036 0.067 0.160

0.950 3.02 -0.235 -0.220 -0.174 -0.065 0.005 0.049 0.087 O. 130 0.225

0.949 3.99 -0.232 -O.218 -0.157 -0.057 0.014 0.057 0.097 0.140 0.237

0.949 4.50 -0.221 -0.208 -0.159 -0.053 0.018 0.063 0.103 0.148 0.243

0.951 5.02 -0.221 -0.210 -0.151 -0.046 0.025 0.071 0.111 0.156 0.251

0.950 7.00 -0.212 -0.198 -0.131 -0.029 0.042 0.091 0.135 0.185 0.276

0.899 1.10 -0.176 -0.163 -0.200 -0.111 -0.050 -0.014 0.013 0.044 0.145

0.898 2.00 -0.158 -0.144 -0.162 -0.074 -0.011 0.032 0.069 0.112 0.218

0.900 3.00 -0.155 -0.140 -0.156 -0.068 -0.004 0.037 0.075 0.116 0.227

0.901 4.02 -0.152 -0.137 -0.152 -0.062 0.002 0.046 0.083 0.128 0.237

0.901 4.51 -0.143 -0.129 -0.140 -0.052 0.012 0.056 0.095 0.140 0.249

0.901 6.01 -0.138 -0.123 -0.129 -0.040 0.026 0.072 0.114 0.163 0.272

0.850 1.08 -0.160 -0.151 -0.188 -0.113 -0.058 -0.026 -0.001 0.027 0.128

0.850 1.99 -0.149 -0.138 -0.159 -0.082 -0.024 0.015 0.049 0.089 0.198

0.851 3.02 -0.146 -0.135 -0.156 -0.079 -0.021 0.018 0.053 0.093 0.209

0.851 3.99 -0.139 -0.127 -0.147 -0.069 -0.012 0.029 0.064 0.106 0.220

0.852 4.52 -0.130 -0.119 -0.137 -0.059 -0.001 0.040 0.076 0.119 0.235

0.853 6.01 -0.126 -0.115 -0.129 -0.050 0.010 0.054 0.093 0.141 0.258

0.803 1.07 -0.142 -0.133 -0.168 -0.100 -0.052 -0.021 0.003 0.029 0.128

0.803 2.01 -0.125 -0.114 -0.135 -0.064 -0.012 0.025 0.058 0.096 0.205

0.803 2.99 -0.118 -0.107 -0.128 -0.057 -0.006 0.032 0.066 0.105 0.219

0.799 4.02 -0.104 -0.093 -0.114 -0.043 0.008 0.047 0.081 O.121 0.237

0.801 4.50 -0.086 -0.075 -0.097 -0.024 0.026 0.066 0. 100 O.142 0.260

0.800 5.01 -0.074 -0.063 -0.083 -0.010 0.040 0.081 0.117 0.158 0.278

0.602 1.03 -0.128 -0.118 -0.149 -0.093 -0.052 -0.030 4).010 0.014 0.103

0.603 1.99 -0.114 -0.104 -0.126 -0.067 -0.024 0.004 0.029 0.062 0.158

0.602 3.00 -0.102 -0.093 -0.116 -0.056 -0.015 0.014 0.040 0.074 0.180

0.602 4.02 -0,094 -0.084 -0.108 -0.046 -0.006 0.025 0.050 0.087 0.199

0.603 4.52 -0.070 -0.059 -0.086 -0.022 0.018 0.048 0.076 0.111 0.228

0.599 5.01 -0.054 -0.045 -0.072 -0.006 0.030 0.064 0.091 O. 128 0.248
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Table 17. Static Pressure Coefficients for VA Nozzle; Lf/dt = 0.94; 6v,y = 0°

(a) ¢ =-90 °

M

Static pressure coefficients for x/Ln of--

NPR - 1.489 - 1.028 ,0.738 ,0.498 -0.286 0.135 0.328 0.433 0.523 0.614 0.712 0.819 0.937

0.949 1.09 -0.196 -0.229 -0.213 -0.172 -0.122 -0,278 -0.189 -0.028 0.022 0.051 0.070 0.085 0.102

0.950 3.08 -0.212 -0.243 -0.220 -0.181 -0.132 -0.285 -0.120 0.003 0.049 0.075 0.093 0.105 0.I17

0.948 4.01 -0.221 -0.250 -0.218 ,0.180 -0.138 -0.296 -0.134 -0.010 0.038 0.065 0.083 0.096 0.107

0.949 4.49 ,0.225 -0.257 -0.235 -0.197 -0.148 -0.302 -0.136 -0.016 0.030 0.056 0.075 0.087 0.096

0.950 5.02 -0.232 -0.262 -0.237 ,0.205 -0.158 -0.307 -0.146 -0.025 0.024 0.051 0.072 0.083 0.093

0.952 7.00 ,0.244 -0.277 -0.255 -0.223 -0.167 ,0.300 ,0.123 -0.011 0.038 0.063 0.086 0.096 0.102

0.902 1.09 -0.178 -0.183 -0.165 -0.160 -0.150 -0.345 -0.217 ,0.060 0.009 0.054 0.086 0.104 0.120

0.899 2.00 -0.178 -0.181 -0.163 -0.158 ,0.146 ,0.318 ,0.153 ,0.014 0.053 0.090 0.118 0.132 0.142

0.898 2.99 ,0.181 -0.183 -0.164 -0.162 -0.151 -0.327 -0.168 -0.026 0.043 0.083 0.113 0.129 0.140

0.900 4.02 -0.193 -0.193 -0.173 -0.175 -0.162 -0.334 -0.174 -0.035 0.036 0.075 0.107 0.122 0.133

0.900 4.51 -0.196 -0.197 -0.179 -0.182 -0.169 -0.339 -0.179 -0,041 0.031 0.069 0.102 0.117 0.128

0.900 6.00 -0.203 -0.201 -0.181 -0.186 -0.172 -0.331 -0.169 -0.035 0.036 0.073 0.106 0.119 0.127

0.850 1.08 -0.153 -0.161 -0.150 -0.146 -0.145 -0.334 -0.227 -0.075 0.002 0.065 0.I03 0.129 0.148

0.850 2.01 -0.151 -0.156 -0.142 ,0.139 -0.135 -0.291 -0.173 -0.029 0.048 0.I00 0.132 0.152 0.165

0.850 3.02 -0.154 -0.159 -0.145 -0.145 -0.140 -0.298 -0.184 -0.040 0.036 0.091 0.126 0.146 0.160

0.850 4.01 -0.155 ,0.160 ,0.146 ,0.146 -0.141 -0.299 -0.185 ,0.042 0.036 0.090 0.126 0.147 0.161

0.849 4.51 -.0.161 -0.164 -0.149 -0.152 ,0.147 ,0.301 -0.190 -0.047 0.032 0.087 0.125 0.146 0.158

0.849 6.02 -0.161 -0.163 -0.148 -0.152 -0.145 -0.290 -0.174 -0.033 0.046 0.096 0.131 0.150 0.161

0.801 1.07 -0.142 -0.151 -0.141 -0.139 -0.141 -0.310 -0.234 -0.092 -0.017 0.056 0.I00 0.133 0.155

0.803 2.00 -0.136 -0.143 -0.132 -0.127 -0.126 ,0.269 ,0.178 ,0.038 0.037 0.I00 0.135 0.159 0.176

0.802 3.01 ,0.136 -0.143 ,0.132 ,0.128 -0.128 -0.274 -0.185 -0.046 0.029 0.095 0.132 0.158 0.175

0.800 4.03 -0.136 -0.143 -0.131 -0.128 ,0.127 ,0.271 ,0.184 ,0.046 0.030 0,095 0.133 0.160 0.177

0.800 4.51 ,0.135 ,0.141 ,0.130 ,0.127 ,0.126 -0.268 ,0.181 ,0.042 0.034 0.098 0.136 0.161 0.179

0.800 5.02 -0.134 -0.140 -0.129 -0.126 -0.124 -0.266 -0.176 -0.038 0.038 0.102 0.139 0.164 0.181

0.602 1.04 -0.119 -0.128 -0.120 -0.121 -0.124 -0.257 -0.221 -0.106 -0.046 0.033 0.084 0.122 0.153

0.601 2.05 -0.111 -0.118 -0.108 -0.107 -0.108 -0.227 -0.181 ,0.064 0.000 0.077 0.126 0.160 0.187

0.602 3.00 -0.107 -0.113 -0.104 -0.102 -0.103 -0.224 -0.179 ,0.062 0.002 0.079 0.127 0.162 0.189

0.603 4.01 -0.105 -0.112 -0.103 -0.101 -0.I01 ,0.221 -0.176 -0,058 0.006 0.084 0.131 0.166 0.193

0.602 4.51 -0.102 -0.110 ,0.100 ,0.098 ,0.098 -0.218 -0.170 ,0.053 0.012 0.089 0.138 0.172 0.198

0.601 5.01 ,0.094 ,0.102 ,0.092 ,0.088 ,0.089 -0.208 -0.159 -0.039 0.026 0.103 0.150 0.183 0.210

1.292 1.01 -0.088 -0.126 -0.138 -0.151 -0.172 -0.165 -0.434 -0.416 -0.286 -0.137 -0.114 -0.100 -0.084

i.291 4.02 -0.104 -0.140 -0.152 ,0.169 ,0.189 -0.181 -0.451 -0.435 -0.449 -0.194 -0.151 -0.132 -0.120

1.289 4.53 -0.135 -0.169 -0.179 -0.208 -0.225 -0.213 -0.488 -0.474 -0.487 -0.240 -0.183 -0.165 -0.155

!.290 5.99 ,0.144 ,0.177 ,0.187 ,0.219 -0.234 ,0.222 ,0.498 -0.486 -0.429 -0.211 ,0.174 -0.161 -0.156

1.289 7.99 -0.092 -0.132 -0.139 -0.162 -0.182 -0.170 -0.443 -0.423 -0.169 -0.119 -0.101 -0.093 -0.083

1.202 0.98 -0.092 -0.124 ,0.134 -0.155 -0.184 -0.182 -0.480 -0.433 -0.192 -0.123 -0.103 -0.093 -0.074

1.200 3.01 -0.094 -0.126 -0.136 -0.158 -0.187 -0.185 -0.485 ,0.450 -0.214 -0.134 -0.115 -0.105 -0.089

1.200 4.00 -0.095 -0.127 -0.138 ,0.160 -0.188 -0.187 -0.486 -0.452 -0.260 -0.146 .-0.123 -0.111 -0.096

1.200 4.50 -0.096 -0.128 -0.138 -0.161 -0.190 -0.187 -0.488 -0.453 -0.285 -0.152 -0.127 -0.114 -0.099

i.199 6.01 -0.097 -0.129 -0.140 -0.163 -0.192 -0.189 -0.491 -0.455 -0.196 -0.132 -0.114 -0.104 -0.090

1.199 8.03 -0.100 -0.132 -0.142 -0.168 -0.196 -0.193 -0.494 -0.329 -0.127 -0.102 -0.089 -0.083 -0.072
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Table 17. ('ontiuued

(b) 0 I) _'

AI

Static pressure ('oeflicient,_ fi)r .r/L,, of

NPR -I.489 -I.028 -0.738 -0.286 -0.093 0.135 0.328 0.433 0.523 0.614 0.712 0.819

0.949 1.09 -0.200 -0.241 -0.225 -0.115 -0.055 -0.272 -0.188 -0.024 0.027 0.053 0.072 (I.II86

0.950 3.08 -0.217 -0.256 -0.233 -0.125 -{).067 -0.280 -0.140 -0.002 0.047 0.074 0.091 0.105

0.948 4.01 -0.225 -0.262 -0.234 -0.129 -0.077 -0.292 -0.153 -0.013 (}.037 0.064 0.082 0.096

0.949 4.49 -0.231 -0.269 -0.256 -0.145 4).086 -0.297 -0.158 -0.019 0.030 0.055 0.073 0.085

0.950 5.02 -0.239 -0.274 -0.260 -0.152 -0.093 -0.303 -0.162 -0.023 0.025 0.05 t 0.068 0.(183

0.952 7.00 -0.248 -0. 290 -0.283 -0.159 -I).097 -0.296 -0.134 -0.005 0.042 0.066 0.082 0.(_5

0.902 1.09 -0.185 -0.187 -0.177 -0.140 -0.102 -0.340 -0.21 I -0.043 0.025 0.063 0.087 0.105

0.899 2.00 -0.185 -0.185 -0.178 -0.140 -(I. 102 -0.322 -0.168 -0.014 0.054 0.091 0.113 0.130

0.898 2.99 -0.188 -0.187 -0.180 -0.142 -0.106 -0.330 -0.180 -0.023 0.046 0.(185 0.109 0.127

0.900 4.02 -0.202 -0.199 -0.194 -0.155 -0.117 -0.336 -0.184 -0.028 0.041 0.080 0.103 {).121

0.900 4.51 -0.207 -0.203 -0.202 -0.162 -0.124 -0.341 -0.187 -0.031 0.038 0.075 0.098 0. I 15

0.900 6.00 -0.214 -0.207 -0.206 -0.165 -0.127 -0.335 -0.176 -0.023 0.045 0.079 0.101 0.117

0.850 1.08 -0.160 -0.164 -0.157 -0.136 -0.109 -0. 337 -0. 247 -0.082 0.004 O.(_b6 0.103 O. 128

0.850 2.01 -0.159 -0.159 -0.152 -0.126 -(}.097 -0.296 -0.193 -0.035 0.048 0.100 0.129 (}.149

0.850 3.02 -0.163 -0.163 -0.159 -0.133 -II. 103 -0.304 -0.203 -0.044 0.039 _).093 O. 124 O. 145

0.850 4.01 -0.165 -0.164 -0.160 -O. IM. -I).105 -0.305 -0.203 -0.044 0.038 0.093 0.124 0.145

0.849 4.51 -0.171 -0.167 -0.167 -0.139 -0.1 I0 -0.305 -0.202 -0.045 0.038 0.090 0.122 {).142

0.849 6.02 -0.172 -0.168 -0.167 -0.139 -0.108 -0.295 -0.187 -0.030 0.051 0.1(30 0.128 {).147

0.gOl 1.07 -0.147 -0.153 -0.146 -0.132 -0.110 -0.312 -0.255 -0.101 -0.015 0.059 0.103 0.133

0.803 2.00 -0.143 -0.146 -0.139 -0.118 -0.094 -0.274 -0.200 -0.049 0.035 0.100 0.136 0.160

O. 802 3.01 -0.143 -0.146 -0.139 -0. 119 -I).095 -0. 277 -0. 206 -0.054 (I.(130 (I.096 O. 133 0.158

0.800 4.03 -0.142 -0.146 -0.139 -0.119 -0.095 -0.274 -0.202 -0.053 0.031 0.098 0.135 0.160

0.800 4.51 -0.141 -0.145 -0.139 -0.118 -0.093 -0.274 -0.202 -0.051 0.033 0.100 0.137 0.162

0.800 5.02 -0.140 -0.145 -0.138 -0.116 -0.092 -0.271 -0.197 -I).046 0.039 0.104 0.141 I).165

0.602 1.04 -0.126 -@130 -0.128 -0.118 -0.102 -0.258 -0.237 -0.119 -0.044 0.033 0.086 0.125

0.601 2.05 -0.116 -0.119 -0.116 -0.102 -0.083 -0.229 -0.197 -0.077 O.(X'k") {).076 0.127 0.162

0.602 3.00 -0.110 -0.115 -0.112 -0.099 -0.080 -0.227 -0.197 -0.075 0.002 0.(178 0.131 0.167

0.603 4.01 -0.1 I0 -0.114 -0.1 I0 -0.097 -0.078 -0.225 -0.194 -0.072 0.1"106 0.081 0. 134 0. 169

0.602 4.51 -0.108 -0.111 -0.108 -0.094 -0.075 -0.221 -0.188 -I}.066 0.012 0.088 0.140 0.175

0.601 5.01 -0.099 -0.103 -0.098 -0.084 -0.065 -0.21 I -0,179 -0.056 0.024 0. I01 O. 153 0.188

1.292 1.01 -0.007 -0.130 -0.150 -0.173 -0.146 -0.172 -0.429 -0.410 -0.185 -0.128 -0.114 -0.(_7

1.291 4.02 -0.112 -0.144 -0.167 -0.191 -0.165 -0.187 -0.443 -0.429 -I}.343 -0.173 -0.152 -0.131

1.289 4.53 -0.146 -0.173 -0.205 -0.228 -I).202 -0.218 -0.471 -0.458 -0.419 -(}.211 -0.1146 -0.163

1.290 5.99 -0.156 -0.180 -0.216 -0.239 -0.214 -0.227 -0.478 -0.466 -0.271 -0.194 -I).178 -0.159

1.289 7.99 -0.109 -0.136 -0.162 -0.186 -0.156 -0.178 -0.432 -0.402 -0.135 -0.115 -0.101 -0.095

.202 0.98 -0.064 -0.139 -0.155 -0.174 -0.122 -0.178 -0.462 -(I.437 -0. Iq0 -0.125 -0.105 -0.(_3

.200 3.01 -0.112 -0.141 -0.159 -0.176 -0.124 -0.180 -0.466 -0.447 -0.225 -(I.139 -1').117 -0.1(14

,200 4.00 -0.112 -0.142 -0.160 -0.178 -0.127 -0.181 -0.467 -0.448 -0.281 -0.151 -0.125 -0.1 I0

.200 4.50 -0.114 -0.143 -0.162 -0.179 -I}.128 -0.182 -0.468 -0.449 -{).312 -0.157 -0.128 -I'Ll 13

.199 6.01 -0.117 -0,144 -0.164 -0.181 -0.130 -0.184 -0.470 -0.451 -0.205 -0.136 -0.115 -0.102

.199 8.03 -0.120 -0.147 -0.169 -0.185 -0.134 -0.187 -0.473 -0.373 -0.126 -O. If_) -0.088 -0.081
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Table 17. Concluded

(c) _ = 90 °

Static pressure coefficients for x/Ln of--

M NPR -I.028 -0.738 -0.498 -0.093 0.135 0.328 0.433 0.523 0.614 0.712 0.819 0.937

0.949 1.09 -0.250 -0.217 -0.178 -0.069 -0.271 -0.186 -0.021 0.029 0.052 0.070 0.084 0.102

0.950 3.08 -0.265 -0.225 -0.178 -0.080 -0.279 -0.142 0.000 0.049 0.073 0.089 0.103 0.114

0.948 4.01 -0.270 -0.227 -0.179 -0.090 -0.290 -0.154 -0.011 0.038 0.062 0.080 0.094 0.104

0.949 4.49 -0.283 -0.249 -0.206 -0.099 -0.296 -0.159 -0.017 0.030 0.054 0.072 0.085 0.095

0.950 5.02 -0.286 -0.252 -0.208 -0.106 -0.301 -0.165 -0.022 0.025 0.050 0.068 0.082 0.092

0.952 7.00 -0.305 -0.273 -0.212 -0.109 -0.295 -0.142 -0.005 0.040 0.065 0.082 0.095 0.103

0.902 1.09 -0.205 -0.174 -0.153 -0.117 -0.337 -0.236 -0.051 0.019 0.058 0.083 0.105 0.122

0.899 2.00 -0.205 -0.174 -0.155 -0.116 -0.320 -0.183 -0.016 0.052 0.090 0.112 0.131 0.144

0.898 2.99 -0.207 -0.175 -0.156 -0.119 -0.326 -0.194 -0.023 0.046 0.085 0.109 0.129 0.142

0.900 4.02 -0.220 -0.187 -0.162 -0.131 -0.332 -0.200 -0.028 0.040 0.079 O. i 04 O. 124 O. 136

0.900 4.51 -0.226 -0.195 -0. ! 75 -0.138 -0.337 -0.206 -0.032 0.035 0.074 O. 100 O. 120 O. 132

0.900 6.00 -0.231 -0.197 -0.172 -0.140 -0.330 -0.194 -0.023 0.042 0.079 0.103 0.122 0.132

0.850 1.08 -0.179 -0.156 -0.141 -0.124 -0.336 -0.262 -0.086 0.002 0.063 0.101 0.127 0.148

0.850 2.01 -0.175 -0.150 -0.136 -0.112 -0.294 -0.206 -0.037 0.046 0.098 0.128 0.150 0.164

0.850 3.02 -0.181 -0.156 -0.140 -0.117 -0.302 -0.217 -0.044 0.038 0.093 0.125 0.147 0.163

0.850 4.01 -0.182 -0.157 -0.142 -0.118 -0.303 -0.219 -0.046 0.037 0.092 0.125 0.148 0.164

0.849 4.51 -0.187 -0.162 -0.147 -0.124 -0.303 -0.221 -0.047 0.036 0.091 0.124 0.146 0.161

0.849 6.02 -0.187 -0.162 -0.146 -0.121 -0.292 -0.204 -0.031 0.049 0.100 0.130 0.151 0.164

0.801 1.07 -0.167 -0.146 -0.1M -0.124 -0.313 -0.271 -0.106 -0.018 0.054 0.100 0.131 0.155

0.803 2.00 -0.161 -0.138 -0.125 -0.107 -0.276 -0.215 -0.053 0.033 0.098 0.136 0.159 0.178

0.802 3.01 -0.161 -0.138 -0.125 -0.108 -0.276 -0.217 -0.055 0.031 0.096 0.136 0.159 0.178

0.800 4.03 -0.161 -0.138 -0.126 -0.108 -0.277 -0.219 -0.056 0.031 0.096 0.136 0.161 0.180

0,800 4.51 -0.159 -0.137 -0.124 -0.107 -0.274 -0.215 -0.053 0.034 0.099 0.139 0.163 0.182

0.800 5.02 -0.159 -0.136 -0.124 -0.105 -0.270 -0.209 -0.047 0.040 0.104 0.142 0.165 0.184

0.602 1.04 -0.146 -0.123 -0.121 -0.118 -0.262 -0.252 -0.120 -0.046 0.030 0.080 0.122 0.153

0.601 2.05 -0.134 -0.112 -0.106 -0.098 -0.232 -0.210 -0.077 -0.001 0.073 0.123 0.162 0.189

0.602 3.00 -0.130 -0.107 -0.103 -0.094 -0.228 -0.206 -0.073 0.003 0.078 O. 126 O. 165 O. 191

0.603 4.01 -0.129 -0.106 -0.101 -0.092 -0.228 -0.205 -0.071 0.005 0.080 0.131 0.169 0.196

0.602 4.51 -0.126 -0.103 -0.098 -0.089 -0.223 -0.199 -0.065 0.011 0.088 O. 137 O. 174 0.20 I

0.601 5.01 -0.117 -0.093 -0.090 -0.079 -0.211 -0.185 -0.051 0.026 0.101 0.150 0.186 0.213

1.292 1.01 -0.146 -0.144 -0.148 -0.144 -0.165 -0.422 -0.398 -0.197 -0.128 -0.105 -0.098 -0.082

1.291 4.02 -0.162 -0.161 -0.164 -0.162 -0.180 -0.438 -0.416 -0.440 -0.189 -0.145 -0.132 -0.120

1.289 4.53 -0.198 -0.197 -0.197 -0.198 -0,209 -0.472 -0.446 -0.484 -0.231 4). 177 -0.162 -0.152

1.290 5.99 -0.208 -0.206 -0.206 -0.209 -0.217 -0.481 -0.454 -0.353 -0.203 -0.169 -0.159 -0.153

1.289 7.99 -0.155 -0.151 -0.154 -0.155 -0.167 -0.427 -0.406 -0.155 -0.119 -0.102 -0.091 -0.084

1.202 0.98 -0.149 -0. !43 -0.155 -0.142 -0. ! 84 -0.469 -0.396 -0.153 -0. I 17 -0.098 -0.089 -0.073

1.200 3.01 -0.151 -0.146 -0.158 -0.146 -0.187 -0.474 -0.445 -0.185 -0.137 -0.116 -0.104 -0.093

!.200 4.00 -0.152 -0.147 -0.159 -0.148 -0.188 -0.475 -0.448 -0.216 -0.149 -0.124 -0.111 -0.100

1.200 4.50 -0.154 -0.149 -0.160 -0.149 -0.190 -0.476 -0.449 -0.237 -0.155 -0.128 -0.114 -0.103

1.199 6.01 -0.156 -0.151 -0.162 -0.151 -0.191 -0.479 -0.450 -0.181 -0.136 -0.114 -0.103 -0.093

1.199 8.03 -0.160 -0.155 -0.165 -0.154 -0.194 -0.482 -0.312 -0.125 -0.103 -0.087 -0.080 -0.073

4O



Table 18. Static Pressure Coefficients for VA Nozzle; Lf/dt = 0.94; 6v,u = 10 °

(a) _ =-90 °

Static pressure coefficients for x/Ln of

hi NPR - 1.489 - 1.028 -0.738 -0.498 0.147 0.368 0.582 0.666 0.751 0.842 0.940

1.200 0.93 -0.083 -0.126 -0.146 -0.154 -0.130 -0.205 -0.414 -0.396 -0.279 -0.143 -0.102

1.202 3.03 -0.087 -0.133 -0.152 -0.162 -0.136 -0.214 -0.421 -0.296 -0.109 -0.064 -0.038

1.202 4.01 -0.092 -0.139 -0.159 -0.170 -0.143 -0.222 -0.429 -0.265 -0.106 -0.066 -0.051

1.201 4.52 -0.095 -0.142 -0.162 -0.175 -0.146 -0.226 -0.432 -0.222 -0.098 -0.064 -0.053

1.201 6.00 -0.100 -0.146 -0.167 -0.181 -0.152 -0.232 -0.405 -0.137 -0.075 -0.053 -0.050

! .203 8.00 -0.080 -0.122 -0.150 -0.157 -0.13 i -0.209 -0.180 -0.060 -0.028 -0.020 -0.005

0.900 1.04 -0.161 -0.173 -0.166 -0.143 -0.187 -0.274 -0.133 -0.047 0.007 0.037 0.056

0.901 2.03 -0.163 -0.171 -0.162 -0.141 -0.169 -0.231 -0.088 -0.004 0.052 0.082 0.092

0.900 3.00 -0.162 -0.168 -0.157 -0.138 -0.151 -0.184 -0.021 0.060 0.119 0.154 0.177

0.901 4.00 -0.166 -0.169 -0.157 -0.139 -0.138 -0.153 0.026 0.101 0.149 0.172 0.174

0.901 4.52 -0.166 -0.171 -0.159 -0.141 -0.138 -0.149 0.031 0.104 0.152 0.174 0.172

0.900 6.01 43.164 -0.165 -0.152 -0.136 -0.120 -0.117 0.061 0.125 0.166 0.180 0.174

0.800 1.04 -0.134 -0.147 -0.144 -0.127 -0.167 -0.231 -0.143 -0.059 -0.005 0.029 0.055

0.801 2.01 -0.126 -0.136 -0.131 -0.115 -0.140 -0.189 -0.089 -0.008 0.048 0.079 0.084

0.801 3.00 -0.123 -0.132 -0.125 -0.109 -0.120 -0.148 -0.019 0.066 0.127 0.169 0.195

0.801 4.02 -0.122 -0.130 -0.123 -0.106 -0.108 -0.123 0.023 0.1 I0 0.166 0.198 0.203

0.800 4.49 -0.120 -0.127 -0.119 -0.104 -0.103 -0.116 0.031 0.116 0.171 0.201 0.202

0.801 5.00 -0.119 -0.126 -0.118 -0.101 -0.097 -0.107 0.044 0.126 0.177 0.205 0.201

0.600 1.02 -0.112 -0.125 -0.125 -0.109 -0.t42 -0.189 -0.125 -0.051 0.000 0.034 0.069

0.601 2.01 -0.105 -0.115 -0.113 -0.098 -0.119 -0.159 -0.091 -0.020 0.026 0.047 0.030

0.601 3.01 -0.098 -0.107 -0.103 -0.085 -0.090 -0.110 -0.010 0.070 0.130 0.175 0.207

0.601 4.00 -0.093 -0.102 -0.098 -0.078 -0.080 -0.094 0.018 0.103 0.166 0.210 0.230

0.601 4.49 -0.090 -0.099 -0.095 -0.074 -0.075 -0.087 0.028 0. I 12 0.175 0.215 0.230

0.602 5.02 -0.084 -0.092 -0.087 -0.067 -0.066 -0.074 0.044 0.128 0.188 0.224 0.233
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AI NPR-I.028 -0.738

Table 1_. Continm,d

(b) 0 = 0 °

Static pressure coefficients fi_r x/L. of

-0.286 -0.093 0.147 0.491 0.582 0.666 0.751 0.842

1.200 0.93 -0.144 -0.160 -0.170 -0.101 -0.138 -0.302 -0.138 -0.129 -0.125 -0.123

1.202 3.03 -0.149 -0.168 -0.180 -0.111 -0.145 -0.470 -0.191 -0.176 -0.166 -0.154

1.202 4.01 -0.155 -0.177 -0.188 -0.120 -0.152 -0.490 -0.213 -0.192 -0.179 -0.165

1.201 4.52 -0.159 -0.181 -0.193 -0.125 -0.156 -0.495 -0.222 -0.198 -0.182 -0.167

1.201 6.00 -0.164 -0.188 -0.199 -0.131 -0.160 -0.501 -0.227 -0.192 -0.176 -0.158

1.203 8.00 -0.141 -0.159 -0.179 -0.111 -0.139 -0.461 -0.165 -0.141 -0.130 -0.125

0.900 1.04 -0.179 -0.163 -0.113 -0.062 -0.255 -0.073 0.017 0.034 0.038 0.043

0.901 2.03 -0.178 -0.164 -0.111 -0.060 -0.242 -0.078 0.022 0.047 0.060 0.076

0.900 3.00 -0.178 -0.166 -0.114 -0.063 -0.250 -0.117 0.002 0.045 0.069 0.090

0.901 4.00 -0.182 -0.170 -0.116 -0.064 -0.251 -0.122 -0.001 0.045 0.071 0.092

0.901 4.52 -0.184 -0.174 -0.119 -0.067 -0.251 -0.122 0.000 0.046 0.073 O.(N2

0.900 6.01 -0.181 -0.171 -0.115 -0.063 -0.244 -0.107 0.014 0.060 0.084 0.097

0.800 !.04 -0.152 -0.141 -0.110 -0.071 -0.231 -0.132 -0.003 0.037 0.045 0.051

0.801 2.01 -0.142 -0.134 -0.099 -0.059 -0.211 -0.125 0.006 0.060 0.084 0.104

0.801 3.00 -0.142 -0.134 -0.099 -0.061 -0.218 -0.156 -0.019 (I.(151 0.087 0.112

0.801 4.02 -0.141 -0.133 -0.099 -0.059 -0.216 -0.155 -0.018 0.053 0.091 0.116

0.800 4.49 -0.139 -0.131 -0.096 -0.057 -0.213 -0.151 -0.014 0.058 0.095 0.120

0.801 5.00 -0.138 -0.129 -0.094 -0.055 -0.210 -0.144 -0.007 0.064 0.101 0.124

0.600 1.02 -0.130 -0.122 -0.101 -0.072 -0.204 -0.168 -0.039 0.037 0.062 0.073

0.601 2.01 -0.122 -0.113 -0.089 -0.060 -0.189 -0.157 -0.030 0.054 0.097 0.127

0.601 3.01 -0.119 -0.109 -0.086 -0.058 -0.191 -0.175 -0.051 0.037 0.087 0.122

0.601 4.00 -0.114 -0.105 -0.082 -0.053 -0.187 -0.169 -0.044 0.044 0.095 0.129

0.601 4.49 -0.111 -0.101 -0.078 -0.049 -0.181 -0.160 -0.036 0.052 0.101 0.135

0.602 5.02 -0.106 -0.094 -0.072 -0.042 -0.176 -0.152 -0.026 0.063 0.113 0.146
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q_d)h'1_. Concluded

(c} o - !)1):

Slalic pressm'e c(wfl-icients fi,r ,r/L. _,f

3I NPR -0.498 -0.093 0.147 0.368 0.491 0.582 0.666 0.751 0.842 0.940

1.200 0.93 -0.148 -0.149 -0,147 -0.416 -0.103 -0,097 -0.096 -0,097 -0.099 -0.104

1.202 3.03 -0.155 -0.158 -0.151 -0.425 -0.114 -0.1 I1 -0.115 -0.120 -0.123 -0.118

1.202 4.01 -0.164 -0.167 -0.157 -0.434 -0.125 -0.123 -0.128 -0.134 -0.137 -0, t29

1.201 4.52 -0,168 -0.172 -0.160 -0.440 -0.135 -0.131 -0.137 -0.139 -0.140 -0.133

1.201 6.00 -0.174 -0.181 -0.165 -0.447 -0.152 -0,146 -0.145 -0.143 -0.139 -0.135

1.203 8.00 -0.155 -0.161 -0.144 -0.426 -0.117 -0.107 -0.108 -0,107 -0.101 -0.097

0.900 1.04 -0.136 -0.089 -0.252 -0.106 0.050 0.062 0.062 0.060 0.058 0.053

0.901 2.03 -0.136 -0.087 -0.239 -0.091 0.063 0.074 0.075 0.075 0.075 0.080

0.900 3.00 -0.141 -0.094 -0.262 -0.119 0.046 0.056 0.057 0.059 0.062 0.070

0.901 4.00 -0.143 -0.097 -0.268 -0.124 0.042 0.049 0.050 0.052 0.058 (I.072

0.901 4.52 -0.148 -0.100 -0.270 -0.126 0.042 0.047 0.048 0,051 0.058 (I.(173

0.900 6.01 -0,141 -0.098 -0.268 -0.124 0.044 0.046 0.047 0,052 0.060 0.082

0.800 1.04 -0.126 -0.097 -0.231 -0.161 0.04 1 0.063 0.064 0.062 0.059 0.056

0.801 2.01 -0,115 -0.086 -0.214 -0.139 0.062 0.081 0.083 0.085 0.085 0,090

0,801 3.00 -0.121 -0.095 -0,239 -0.182 0.038 0.058 0.057 0.060 0,065 0.080

0.801 4.02 -0,123 -0.097 -0.243 -0.189 0,037 0.055 0.054 0.059 0.066 0.087

0.800 4.49 -0.119 -0.095 -0.243 -0,190 0.038 0.054 0.053 0.058 0,067 0.091

0.801 5.00 -0,118 -0.094 -0.242 -0.189 0.039 0.056 0.054 0.061 0.071 0.097

0.600 1.02 -0,112 -0.099 -0.215 -0.206 0.005 0.064 0.070 0.070 0.066 0.070

0.601 2.01 -0.103 -0,088 -0.20 t -0.184 0.031 0.079 0.082 0.085 0,085 0,096

0.601 3.01 -0.105 -0.098 -0.227 -0.244 -0.021 0,053 0.054 0.056 0.063 0.086

0.601 4,00 -0.103 -0.096 -0.228 -0.253 -0.029 0.053 0,057 0.061 0.071 0.098

0,601 4.49 -0.100 -0.093 -0.227 -0.252 -0.029 0.056 0.059 0.065 0.076 O, 106

0.602 5.02 -0.096 -0.087 -0.222 -0.247 -0.022 0.063 0.065 0.072 0.085 0.116

43



Table 19. Static Pressure Coefficients for VA Nozzle; Lf/d t = 0.94; 6v,y = 20 °

(a) ¢ = -90 °

Static pressure coefficients for x/Ln of-

M NPR -1.489 -1.028 -0.738 -0.498 41.286 0.147 0.371 0.492 0.572 0.647 0.729 0.818 0.915

1.202 0.94 -0.102 -0.135 -0.150 -0.163 -0.202 -0.122 -0.158 -0.171 -0.188 -0.199 -0.214 -0.220 -0.195

1.202 3.02 -0.109 -0.143 -0.152 -0.175 -0.206 .0.130 -0.163 -O. 176 -0.185 -0._905 -0.217 -0.173 -0.037

1.201 4.00 -0.121 -0.156 -0.164 -0.192 -0.221 -0.144 -0.177 -0.191 -0.182 -0.125 0.007 0.094 0.146

1.201 4.50 -0.127 -0.162 -0.170 -O.201 -0.230 -0.152 -0.186 -0.199 -0.179 -0.105 0.024 0.099 0.139

1.201 6.01 -0.104 -0.137 -0.146 -0.173 -0.205 -0.123 -0.159 -0.157 -0.099 0.007 0.102 0.155 0.169

1.201 8.00 -0.110 -0.141 -0.150 -0.181 -0.212 -0.129 -0.159 -0.106 -0.006 0.079 0.140 0.171 0.186

0.903 !.03 -0.181 -0.184 -0.165 -0.150 .0.135 -0.129 -0.125 -0.104 -0.085 -0.061 -0.037 -0.012 -0.002

0.899 2.01 -O. 179 -0.179 -0.158 -0.142 .0.124 -0.105 -0.087 -0.058 .0.032 -0.002 0.032 0.061 0.067

0.899 3.01 -0.175 -0.173 -0.152 -0.140 -0.121 -0.092 -0.065 -0.030 0.005 0.041 0.085 0.120 0.120

0.901 4.00 -0.173 -0.169 -0.145 -0.132 -0.108 -0.060 -0.009 0.043 0.095 0.148 0.215 0.268 0.298

0.901 4.52 -0.173 -0.168 -0.144 -0.132 -0.108 -0.056 -0.003 0.051 0.105 0.159 0.224 0.273 0.295

0.901 4.82 -0.172 -0.164 -0.139 -0.130 -0.104 -0.049 0.005 0.058 0.115 0.167 0.233 0.278 0.295

0.801 1.01 -0.145 -0.152 -0.140 -0.128 -0.121 -0.113 -0.105 -0.088 -0.075 -0.057 -0.038 -0.016 -0.004

0.800 2.01 -0.136 -0.140 -0.126 -0.112 -0.102 -0.082 -0.062 -0.036 -0.016 0.009 0.035 0.059 0.057

0.800 3.00 -0.131 -0.134 -0.118 -0.105 -0.091 -0.064 -0.034 0.000 0.027 0.059 0.095 0.128 0.119

0.800 4.01 -0.122 -0.123 -0.106 -0.091 -0.074 -0.032 0.018 0.068 0.111 0.163 0.224 0.284 0.324

0.802 4.52 -0.118 -0.118 -0.101 -0.085 -0.067 -0.022 0.029 0.082 0.127 0.180 0.240 0.296 0.328

0.599 2.00 -0.109 -0.116 -0.105 -0.089 -0.083 -0.061 -0.04 1 -0.017 -0.005 0.012 0.029 0.045 0.002

0.601 3.01 -0.097 -0.103 -0.091 -0.071 -0.064 -0.034 -0.002 0.032 0.052 0.079 0.110 0.142 0.101

0.602 4.00 -0.084 -0.089 -0.076 -0.052 -0.041 -0.003 0.043 0.092 O. 124 O. 170 0.226 0.298 0.354

0.600 1.01 -0.078 -0.090 -0.082 -0.060 -0.059 -0.053 -0.040 -0.019 -0.015 -0.002 0.010 0.034 0.046
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Table 19. Continued

(b) O = o°

Static pressure coefficients for x/LT_ oP

M NPR - 1.028 -0.738 -0.286 -0.093 0.147 0.371 0.491 0.572 0.647 0.729 0.818

1.202 0.94 -0.151 -0.167 -0.180 -0.117 -0.125 -0.309 -0.186 -0.145 -0.146 -0,149 -0,151

1.202 3.02 -0.161 -0.178 -0.186 -0.122 -0.134 -0.310 -0.257 -0.179 -0.176 -0.181 -0.176

1.201 4.00 -0.174 -0.196 -0.203 -0.139 -0.147 -0.321 -0.283 -0.197 -0.194 -0.197 -0.183

1.201 4.50 -0.180 -0.205 -0.213 -0.147 -0.154 -0.327 -0.317 -0.214 -0.211 -0.211 -0.185

1.201 6.01 -0.155 -0.172 -0.195 -0.131 ,-0.125 -0.304 -0.387 -0.224 -0.221 -0.185 -0.146

1.201 8.00 -0.161 -0.181 -0.204 -0.140 -0.132 -0.308 -0.422 -0.234 -0.212 -0.167 -0.131

0.903 1.03 -0,192 -0.177 -0,124 -0,074 -0.216 -0.239 -0.049 -0.001 0.001 -0.002 0.002

0.899 2.01 -0.188 -0.175 -0.120 -0.072 -0.210 -0.260 -0.085 -0.012 -0.003 0.007 0.032

0.899 3.01 -0.186 -0.176 -0.123 -0.074 -0.215 -0.280 -0.113 -0.02,4 -0.010 0.006 0.033

0.901 4.00 -0,186 -0.176 -0.120 -0.070 -0.208 -0.285 -0.134 -0.031 -0.009 0.008 0.023

0.901 4.52 -0.185 -0.176 -0.121 -0.071 -0.210 -0.289 -0.141 -0.035 4).010 0.009 0.025

0.901 4.82 -0.183 -0.177 -0.120 -0.071 -0.207 -0.286 -0.142 -0.033 -0.006 0.014 0.032

0.801 1.01 -0.159 -0.148 -0.115 -0.077 -0.201 -0.260 -0.108 -0.014 -0.004 -0.003 0.001

0.800 2.01 -0.149 -0.139 -0.104 -0.067 -0.191 -0.270 -0.146 -0.026 0.()01 0.017 0.044

0.800 3.00 -0.146 -0.135 -0.100 -0.064 -0.190 -0,279 -0.169 -0,039 -0.002 0.019 0.042

0.800 4.01 -0.139 -0.129 -0.093 -0.056 -0.183 -0.279 -0. 183 -0.050 -0.004 0.018 0.033

0.802 4.52 -0.136 -0.125 --0.088 -0.051 -0.178 -0.276 -0,182 -0,048 0.001 0.025 0.044

0.599 2.00 -0.129 -0,117 -0,096 -0.065 -0.176 -0.271 -0.209 -0.072 -0.009 0.019 0.048

0.601 3.01 -0.118 -0.106 -0.083 -0.053 -0.171 -0.277 -0.226 -0.090 -0.021 0.010 0.034

0.602 4.00 -0.108 -0.093 -0.072 -0.042 -0.161 -0.271 -0.224 -0.087 43.017 0.014 0.035

0.600 i .01 -0.097 -0.080 -0.059 -0.028 -0.142 -0.220 -0. i 29 0.005 0.043 0.048 0.054
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Table 19. C'onchuied

(c) o = 91)'

Al

Static l)r¢'ssur<'cocfficit'nts for .r/L,, of

NPR -0.498 -0.093 0.147 0.371 0.492 0.572 0.647 0.729 0.818 0.915

1.202 0.94 -0.160 -0.166 -0.144 -0.419 -0.127 -0.127 -0.125 -0.126 -0.134 -0.139

1.202 3.02 -0.164 -0.176 -0.145 -0.438 -0.141 -0.146 -0.145 -0.146 -0.151 -0.152

1.201 4.00 -0.177 -0.196 -0.157 -0.456 -0.162 -0.168 -0.166 -0.166 -0.170 -0.168

1.201 4.50 -0.184 -0.205 -0.164 -0.464 -0.170 -0.178 -0.176 -0.176 -0. ! 78 -0.170

1.201 6.01 -0.163 -0.183 -0.140 -0.433 -0.143 -0.145 -0.151 -0.161 -0.152 -0.133

1.201 8.00 -0.170 -0.194 -0.146 -0.429 -0.124 -0.126 -0.131 -0.141 -0.135 -0.111

0.903 ! .03 -0.149 -0.103 -0.246 -0.139 0.022 0.022 0.019 0.016 0.012 0.005

0.899 2.01 -0.147 -0.103 -0. 245 -0.143 0.025 0.025 0.020 0.018 0.014 0.017

0.899 3.01 -0.153 -0.109 -0.256 -0.166 0.012 0.010 0.007 0.005 0.000 0.002

0.901 4.00 -0.151 -0.109 -0.260 -0.181 0.004 0.003 -0.001 -0.003 -0.007 -0.006

0.901 4.52 -0.155 -0.1 I I -0.261 -0.185 0.002 0.000 -0.003 -0.004 -0.008 -0.005

0.901 4.82 -0.153 -0.1 II -0.259 -0.185 0.005 0.002 -0.002 -0.001 -0.005 -0.002

0.801 1.01 -0.131 -0.106 -0.224 -0.176 0.019 0.023 0.020 0.013 0.008 0.003

0.800 2.01 -0.127 -0.102 -0.223 -0.180 0.021 0.024 0.020 0.013 0.009 0.014

0.800 3.00 -0.126 -0.103 -0.231 -0.202 0.013 0.017 0.012 0.005 -0.002 0.003

0.800 4.01 -0.122 -0.102 -0.235 -0.216 0.009 0.013 0.008 0.001 -0.005 0.00 I

0.802 4.52 -0.119 -0.098 -0.232 -0.214 0.013 0.016 0.012 0.005 0.000 0.008

0.599 2.00 -0. I 16 -0.103 -0.208 -0.216 0.013 0.019 0.012 0.004 -0.003 0.005

0.601 3.01 -0.110 -0.099 -0.213 -0.232 0.008 0.015 0.007 -0.004 -0.012 -0.002

0.602 4.00 -0.101 -0.091 -0.209 -0.234 0.012 0.020 0.012 0.001 -0.005 0.008

0.600 1.01 -0.078 -0.058 -0.160 -0.150 0.063 0.070 0.066 0.056 0.049 0.046
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M

Tabh ' 2(I. Static Pressure Ccwfticictlts for S('F Nozzle: Lf/dt 1.2(1: _',.qj 0 °

(a) 0- 90 °

St at ic pressurr corflicirnt s fl)r .r/L, of

NPR -0.884 -0.634 -0.428 -0.246 0.031 0.097 0.183 0.299 0.400 0.504 0.629

1.268 0.97 -0.119 -0.129 -0.142 -0.169 -0.239 -0.327 -0.459 -0.252 -0.160 -0.123 -0.08 I

1.271 4.00 -0.127 -0.134 -0.154 -0.184 -0.256 -0.341 -0.495 -0. 229 -0.178 -0.141 -0.092

1.271 4.51 -0.117 -0.124 -0.141 -0.168 -0,244 -0.328 -0.483 -0.211 -0.168 -0.131 -0.082

1.271 5.99 -0.123 -0.131 -0.149 -0.175 -0.248 -0.334 -0.482 -0.191 -0.167 -0.134 -0.087

1.271 8.00 -0.128 -0.136 -0.157 -0.182 -0.254 -0.341 -0.311 -0.174 -0.159 -0.131 -0.083

1.200 0.94 -0.127 -0.138 -0.160 -0.191 -0.276 -0. 372 -0. 379 -0.206 -0.172 -0.140 -0.102

1.201 3.02 -0.133 -0.144 -0.176 -0.206 -0.284 -0.385 -0.558 -0. 246 -0.205 -0.159 -0.103

1.200 4.01 -0.124 -0.135 -0.155 -0.187 -0.270 -0.366 -0.532 -0.214 -0.180 -0.145 -0.090

1.200 4.49 -0.125 -0.136 -0.157 -0.188 -0.271 -0.366 -0.530 -0.212 -0.181 -0.146 -0.092

1.200 6.01 -0.126 -0.136 -0.159 -0.191 -0.273 -0. 369 -0.436 -0.199 -0.174 -0.141 -0.089

1.201 7.99 -0.126 -0.136 -0.161 -0.192 -0.273 -0.370 -0.235 -0.169 -0.155 -0.128 -0.075

0.951 1.06 -0.242 -0.244 -0.236 -0.237 -0.159 -0.064 0,014 0.023 0.029 0.048 0.066

0.950 3.00 -0.236 -0.232 -0.219 -0.219 -0.219 -0.126 -0.009 0.013 0.039 0.076 0.111

0.951 4.02 -0.232 -0.229 -0.218 -0.212 -0.212 -0.118 -0.003 0.019 0.045 0.080 0.118

0.952 4.51 -0.235 -0.235 -0.225 -0.220 -0.192 -0.102 0.007 0.027 0.049 0.084 0.121

0.952 5.02 -0.232 -0.228 -0.221 -0.217 -0.180 -0.089 0.013 0.031 0.050 0.084 0.122

0.951 7.02 -0.228 -0.218 -0.205 -0.194 -0.151 -0.066 0.036 0.053 0.066 0.094 O. 134

0.900 1.06 -0.182 -0.175 -0.175 -0.195 -0.219 -0.128 0.002 0.023 0.036 0.058 0.084

0.901 2.03 -0.171 -0.162 -0.162 -0.184 -0.242 -0.172 -0.009 0.029 0.056 0.088 0.129

0.901 3.00 -0.172 -0.163 -0.163 -0.188 -0. 263 -0.198 -0.024 0.021 0.053 0.087 0.126

0.901 4.02 -0.167 -0.159 -0.159 -0.182 -0.245 -0.179 -0.010 0.032 0.061 0.094 0.135

0.899 4.51 -0.162 -0.154 -0.154 -0.177 -0.234 -0.166 0.0130 0.038 0.065 0.098 0.141

0.899 6.00 -0.158 -0.149 -0.148 -0.167 -0.201 -0.130 0.024 0.054 0.075 O. 105 0.148

0.852 1.05 -0.164 -0.161 -0.165 -0.189 -0.249 -0.192 -0.020 0.023 0.045 0.069 O. 100

0.850 2.00 -0.157 -0.151 -0.153 -0.178 -0.255 -0.218 -0.029 0.035 0,067 0.097 0.132

0.849 3.00 -0.149 -0.145 -0.148 -0.176 -0. 269 -0.245 -0.046 0.040 0.077 0.107 0.138

0.851 3.99 -0.146 -0.141 -0.143 -0.169 -0.250 -0.218 -0.024 0.046 0.080 0.109 0.144

0.852 4.52 -0.145 -0.139 -0.141 -0.165 -0.240 -0.204 -0.012 0.051 0.082 0.1 II 0.148

0.852 5.99 -0.138 -0.133 -0.133 -0.156 -0.210 -0.163 0.017 0.065 0.090 0.117 0.157

0.798 1.05 -0.155 -0.151 -0.157 -0.183 -0.275 -0.252 -0.057 0.025 0.058 0.086 0.113

0.799 1.97 -0.139 -0.135 -0.138 -0.162 -0.252 -0.239 -0.048 0.053 0.089 0. I 18 0.145

0.799 3.02 -0.132 -0.127 -0.132 -0.159 -0.258 -0.254 -0.067 0.053 0.094 0.124 0.148

0.800 4.02 -0.127 -0.122 -0.126 -0.151 -0.242 -0.232 -0.042 0.066 0.104 0.132 0.159

0.802 4.53 -0.125 -0.120 -0.122 -0.147 43. 232 -0.219 -0.025 0.073 0.108 0.136 0.164

0.802 5.00 -0.120 -0.116 -0.117 -0.142 -0.221 -0.205 -0.011 0.080 0.112 0.139 0.170

0.600 1.03 -0.136 -0.136 -0.142 -0.170 -0.270 -0.285 -0.138 0.004 0,060 0.095 O. 123

0.601 2.01 -0.122 -0.120 -0.122 -0.147 -0.239 -0.251 -0.103 0.037 0.092 0.124 0.150

0.602 3.00 -0.118 -0.118 -0.119 -0.146 -0.239 -0.254 -0.107 0.032 0.087 0.118 0.142

0.603 3.99 -0.111 -0.110 -0.111 -0.137 -0.224 -0.235 -0.086 0.052 0.109 0.140 0.166

0.599 4.52 -0.102 -0.102 -0.099 -0.125 -0.211 -0.221 -0.070 0.069 0.126 0.156 0.183

0.600 4.97 -0.084 -0.084 -0.075 -0.102 -0.189 -0.195 -0.040 0.096 0.152 0.178 0.205
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Table 20. Continued

(b) ¢ = 0°

Static pressure coefficients for x/Ln oK

M NPR -I.280 -0.634 -0.428 -0.246 -0.080 0.031 0.097 0.183 0.299 0.400 0.504 0.629 0.749

!.268 0.97 -0.085 -0.145 -0.159 -0.166 -0.169 -0.268 -0.389 -0.454 -0.369 -0.258 -0.175 -0.107 -0.062
!.271 4.00 -0.095 -0.158 -0.173 -0.178 -0.183 -0.279 -0.399 -0.465 -0.252 -0.135 -0.103 -0.076 -0.051

1.271 4.51 -0.085 -0.144 -0.158 -0.166 -0.171 -0.268 -0.385 -0.451 -0.369 -0.175 -0.090 -0.050 -0.025

1.271 5.99 -0.093 -0.151 -0.166 -0.174 -0.179 -0.274 -0.391 -0.458 -0.369 -0.160 -0.093 -0.056 -0.031

1.271 8.00 -0.100 -0.158 -0.173 -0.180 -0.186 -0.279 -0.395 -0.461 -0.169 -0A30 -0.106 -0.076 -0.048

1.200 0.94 -0.099 -0.159 -0.170 -0.173 -0.173 -0.286 -0.421 -0.490 -0.385 -0.266 -0.175 -0.109 -0.067

1.201 3.02 -0.112 -0.174 -0.186 -0.188 -0.188 -0.292 -0.427 -0.493 -0.188 -0.131 -0.104 -0.077 -0.053

1.200 4.01 -0.096 -0.155 -0.166 -0.169 -0.169 -0.279 -0.415 -0.482 -0.231 -0.124 -0.088 -0.060 -0.036

1.200 4.49 -0.098 -0.157 -0.168 -0.171 -0.171 -0.281 -0.415 -0.483 -0.325 -0.143 -0.088 -0.054 -0.027

!.200 6.01 -0.100 -0.160 -0.171 -0.174 -0.173 -0.282 -0.416 -0.484 -0.324 -0.141 -0.087 -0.053 -0.024

1.201 7.99 -0.102 -0.161 -0.172 -0.175 -0.176 -0.282 -0.416 -0.476 -0.160 -0.122 -0.094 -0.064 -0.031

0.951 1.06 -0.205 -0.260 -0.250 -0.230 -0.235 -0.355 -0.271 -0.085 -0.017 0.023 0.054 0.079 0.087
0.950 3.00 -0.202 -0.251 -0.232 -0.202 -0.196 -0.248 -0.130 0.005 0.048 0.072 0.096 O. I 19 O. 128

0.95 ! 4.02 -0.201 -0.250 -0.227 -0.192 -0.192 -0.250 -0.129 0.007 0.049 0.075 0.099 O. 123 O. 13 I
0.952 4.51 -0.200 -0.256 -0.240 -0.205 -0.192 -0.237 -0.126 0.012 0.055 0.080 0.104 0.128 0.136

0.952 5.02 -0.201 -0.250 -0.233 -0.207 -0.195 -0.243 -0.132 0.010 0.056 0.083 0.106 0.130 0.139

0.951 7.02 -0.198 -0.242 -0.214 -0.176 -0.181 -0.257 -0.154 0.009 0.064 0.094 0.118 0.143 0.151
0.900 1.06 -0.179 -0.180 -0.182 -0.188 -0.234 -0.415 -0.365 -0.104 -0.011 0.032 0.060 0.086 0.094

0.901 2.03 -0.169 -0.167 -0.165 -0.168 -0.205 -0.315 -0.246 -0.026 0.053 0.090 0.117 0.144 O.151

0.901 3.00 -0.169 -0.169 -0.167 -0.171 -0.207 -0.315 -0.238 -0.022 0.052 0.088 0.116 O.143 O.149

0.901 4.02 -0.165 -0.165 -0.162 -0.166 -0.203 -0.308 -0.237 -0.017 0.060 0.096 0.123 0.148 0.155

0.899 4.51 -0.161 -0.160 -0.158 -0.161 -0.199 -0.312 -0.249 -0.022 0.062 0.100 0.128 0.155 0.162
0.899 6.00 -0.157 -0.156 -0.152 -0.154 -0.192 -0.301 -0.249 -0.021 0.067 0.106 0.135 0.162 0.169

0.852 1.05 -0.160 -0.166 -0.171 -0.182 -0.231 -0.369 -0.361 -0.116 -0.011 0.033 0.062 0.088 0.097

0.850 2.00 -0.151 -0.156 4).157 -0.163 -0.203 -0.310 -0.294 -0.061 0.043 0.089 0.123 0.153 0.161

0.849 3.00 -0.144 -0.149 -0.151 -0.158 -0.198 -0.304 -0.289 -0.053 0.052 0.099 0.133 0.163 O.171

0.851 3.99 -0.141 -0.145 -0.147 -0.154 -0.194 -0.301 -0.286 -0.051 0.055 0.101 0.134 0.165 0.173

0.852 4.52 -0.139 -0.143 -0.144 -0.151 -0.191 -0.298 -0.285 -0.050 0.054 0.101 0.134 0.165 0.175

0.852 5.99 -0.135 -0.137 -0.138 -0.143 -0.182 -0.286 -0.275 -0.044 0.059 0.105 0.138 0.168 0.177

0.798 1.05 -0.148 -0.158 -0.163 -0.175 -0.221 -.0.345 -0.356 -0.124 -0.016 0.029 0.061 0.088 0.099

0.799 1.97 -0.133 -0.139 -0.141 -0.148 -0.187 -0.288 -0.292 -0.069 0.041 0.090 0.128 0.162 0.174

0.799 3.02 -0.125 -0.132 -0.134 -0.142 -0.182 -0.285 -0.290 -0.062 0.049 0.101 0.140 0.174 0.186

0.800 4.02 -0.120 -0.127 -0.129 -0.136 -0.176 -0.277 -0.284 -0.058 0.053 0.103 0.141 0.176 0.188

0.802 4.53 -0.117 -0.124 -0.125 -0.133 -0.172 -0.272 -0.279 -0.054 0.055 0.104 0.142 0.175 0.188
0.802 5.00 -0.113 -0.119 -0.121 -0.129 -0.168 -0.268 -0.276 -0.050 0.059 0.108 0.144 0.178 0.190

0.600 !.03 -0.129 -0.140 -0.144 -0.155 -0.194 -0.288 -0.316 -0.123 -0.022 0.021 0.051 0.078 0.092

0.601 2.01 -0.116 -0.121 -0.123 -0.131 -0.165 -0.250 -0.273 -0.083 0.020 0.069 0.105 0.144 0.164
0.602 3.00 -O.liO -0.117 -0.119 -0.127 -0.162 -0.248 -0.272 -0.080 0.024 0.075 0.113 0.155 0.177

0.603 3.99 -0.104 -0.110 -0.112 -0.120 -0.156 -0.243 -0.271 -0.075 0.029 0.078 0.113 0.152 0.172

0.599 4.52 -0.093 -0.100 -0.100 -0.109 -0.146 -0.232 -0.260 -0.066 0.038 0.086 0.120 0.156 0.174

0.600 4.97 -0.071 -0.077 -0.078 -0.087 -0.123 -0.212 -0.241 -0.046 0.057 0.106 0.140 0.173 0.190
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Table 20. Concluded

(c) O = 90 °

Static pressure coefficients for x/L,_ of

M NPR -0.884 -0.634 -0.428 -0.080 0.031 0.097 0.183 0.299 0.400 0.504

1.268 0.97 -0.130 -0.132 -0.135 -0.179 -0.261 -0.346 -0.360 -0.166 -0.143 -0.117

1.271 4.00 -0.140 -0.145 -0.146 -0.195 -0.273 -0.358 -0.487 -0.224 -0.172 -0.143

i.271 4.51 -0.129 -0.136 -0.134 -0.182 -0.261 -0.344 -0.471 -0.204 -0.118 -0.134

1.271 5.99 -0.138 -0.145 -0.143 -0.189 -0.266 -0.351 -0.472 -0.187 -0.158 -0.137

1.271 8.00 -0.144 -0.151 -0.148 -0.196 -0.271 -0.358 -0.322 -0.167 -0.153 -0.129

1.200 0.94 -0.137 -0.142 -0.147 -0.203 -0.295 -0.388 -0.403 -0.197 -0.133 -0.144

1.201 3.02 -0.152 -0.156 -0.158 -0.216 -0.302 -0.399 -0.537 -0.242 -0.198 -0.162

1.200 4.01 -0.133 -0.138 -0.145 -0.201 -0.291 -0.382 -0.522 -0.212 -0.180 -0.151

1.200 4.49 -0.136 -0.140 -0.146 -0.202 -0.291 -0.383 -0.521 -0.210 -0.179 -0.151

1.200 6.01 -0.138 -0.143 -0.147 -0.204 -0.291 -0.384 -0.468 -0.193 -0.171 -0.145

1.201 7.99 -0.140 -0.146 -0.149 -0.205 -0.292 -0.385 -0.248 -0.162 -0.150 -0.129

0.951 1.06 -0.254 -0.249 -0.232 -0.259 -0.324 -0.193 -0.032 -0.008 0.007 0.037

0.950 3.00 -0.250 -0.240 -0.218 -0.232 -0.302 4:}.173 -0.004 0.032 0.054 0.083

0.951 4.02 -0.248 -0.237 -0.209 -0.225 -0.291 -0.158 0.005 0.038 0.062 0.086

0.952 4.51 -0.251 -0.246 -0.221 -0.222 -0.266 -0.140 0.015 0.046 0.065 0.090

0.952 5.02 -0.248 -0.238 -0.223 -0.224 -0.251 -0.124 0.022 0.050 0.067 0.092

0.951 7.02 -0.244 -0.227 -0.190 -0.201 -0.224 -0.099 0.043 0.068 0.083 0.102

0.900 1.06 -0.191 -0.179 -0.175 -0.266 -0.425 -0.334 -0.076 -0.006 0.029 0.059

0.901 2.03 -0.179 -0.164 -0.158 -0.230 -0.319 -0.222 -0.009 0.049 0.077 0.100

0.901 3.00 -0.180 -0.166 -0.163 -0.239 -0.348 -0.252 -0.027 0.043 0.075 0.099

0.901 4.02 -0.176 -0.161 -0.155 -0.229 -0.321 -0.228 -0.009 0.054 0.082 0.108

0.899 4.51 -0.171 -0.156 -0.151 -0.222 -0.304 -0.213 0.002 0.061 0.087 0.111

0.899 6.00 -0.168 -0.152 -0.143 -0.208 -0.267 -0.174 0.028 0.077 0.096 0.120

0.852 1.05 -0.174 -0.167 -0.169 -0.267 -0.396 -0.362 -0.120 0.009 0.054 0.083

0.850 2.00 -0.164 -0.154 -0.151 -0.229 -0.316 -0.272 -0.046 0.058 0.091 0.115

0.849 3.00 -0.157 -0.148 -0.146 -0.228 -0.323 -0.289 -0.063 0.057 0.095 0.122

0.851 3.99 -0.154 -0.144 -0.142 -0.220 -0.309 -0.268 -0.042 0.068 0.102 0.128

0.852 4.52 -0.152 -0.142 -0.141 -0.215 -0.297 -0.251 -0.027 0.074 0.106 0.129

0.852 5.99 -0.145 -0.135 -0.131 -0.198 -0.266 -0.211 0.007 0.089 0.114 0.136

0.798 1.05 -0.164 -0.158 -0.158 -0.253 -0.360 -0.352 -0.138 0.009 0.060 0.094

0.799 1.97 -0.147 -0.138 -0.136 -0.213 -0.296 -0.277 -0.069 0.066 O. 107 O. 138

0.799 3.02 -0.139 -0.131 -0.131 -0.210 -0.301 -0.287 -0.080 0.060 0.106 0.139

0.800 4.02 -0.134 -0.126 -0.124 -0.201 -0.285 -0.267 -0.059 0.077 0.120 0.152

0.802 4.53 -0.132 -0.123 -0.120 -0.196 -0.277 -0.256 -0.046 0.087 0.127 0.156

0.802 5.00 -0.127 -0.118 -0.117 -0.188 -0.265 -0.240 -0.032 0.097 0.134 0.161

0.600 1.03 -0.143 -0.139 -0.140 -0.220 -0.297 -0.306 -0.143 0.001 0.058 0.095

0.601 2.01 -0.127 -0.121 -0.121 -0.192 -0.263 -0.266 -0.105 0.039 0.095 0.132

0.602 3.00 -0.122 -0.116 -0.118 -0.190 -0.262 -0.268 -0.109 0.034 0.089 0.124

0.603 3.99 -0.114 -0.109 -0.109 -0.180 -0.251 -0.254 -0.092 0.054 0.111 0.149

0.599 4.52 -0.104 -0.099 -0.100 -0.168 -0.237 -0.237 -0.077 0.070 0.128 0.166

0.600 4.97 -0.083 -0.077 -0.079 -0.145 -0.216 -0.214 -0.053 0.096 0.154 0.191
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M

Table 21. Static Pressure Coefficients for SCF Nozzle; Lf/dt = 1,20; b,,._j 10 °

(a) 0 =-90 °

Static pressure coefficients fi)r x/L,, of

NPR -0.884 -0.634 -0.428 -0.246 0.031 0.097 0.183 0.299 0.400 0.504

1.199 0.94 -0.111 -0.124 -0.146 -0.189 -0.211 -0.278 -0.269 -0.159 -0.079 -0.046

1.201 3.01 -0.114 -0.128 -.0.151 -0.190 -0.208 -0.276 -0.265 -0.126 -0.021 0.048

1.203 4.02 -0.117 -0.128 -0.153 -0.192 -0.210 -0.278 -0.261 -0.091 0.017 0.079

1.200 4.51 -0. 116 -0.127 -0. !52 -0.188 43.208 -0.277 -0.254 -0.069 0.033 0.090

1.199 6.01 -0.118 -0.128 -0.155 -0.190 -0.210 -0.279 -0.225 -0.020 0.057 0.101

1.199 8.02 -0.121 -0.131 -0.160 -0.195 -0.213 -0.282 -0.159 0.015 0.067 0.101

0.900 i.06 -0.181 -0.170 -0.172 -0.186 -0.151 -0.134 -0.051 0.023 0.065 0.094

0.900 1.97 -0.170 -0.154 -0.156 -0.161 -0.093 -0.075 0.005 0.088 0.141 0.190

0.900 3.02 -0.170 -0.156 -0.160 -0.166 -0.101 -0.085 -0.008 0.073 0.122 0.167

0.900 4.00 -0.168 -0.153 -0.157 -0.161 -0.093 -0.075 0.005 0.089 0.142 0.194

0.900 4.53 -0.171 -0.155 -0.157 -0.160 -0.086 -0.067 0.012 0.098 0.153 0.205

0.903 6.03 -0.166 -0.148 -0.152 -0.149 -0.063 -0.042 0.037 O. 126 O.181 0.232

0.800 1.05 -0.148 -0.139 -0.141 -0.154 -0.122 -0.113 -0.040 0.026 0.069 0.093

0.800 2.00 -0.138 -0.126 -0.124 -0.131 -0.081 -0,067 0.007 0.084 0.138 0.183

0.801 3.01 -0. !37 -0.125 -0.124 -0.132 -0.083 -0.073 0.000 0.073 O. 123 O. 163

0.801 4.02 -0.135 -0.122 -0.121 -0.127 -0.072 -0.060 0.015 0.092 0.148 0.197

0.800 4.49 -0.132 -0.120 -0.119 -0.124 -0.068 -0.054 0.021 0.101 0.159 0.209

0.800 5.00 -0.130 -0.117 -0.116 -0.120 -0.060 -0.045 0.030 O. I I 1 O.170 0.222

0.601 1.02 -0.123 -0.115 -0.115 -0.126 -0.097 -0.092 -0.030 0.029 0.067 0.091

0.601 1.99 -0,108 -0.099 -0.096 -0.103 -0.061 -0.054 0.011 0.079 0.126 0.170

0.601 3.01 -0.104 -0.094 -0.091 -0.098 -0.059 -0.053 0.009 0.075 O.I 18 O. 157

0.601 4.02 -0.117 -0.106 -0.103 -0.111 -0.064 -0.055 0.010 0.079 0.130 0.179

0.601 4.50 -0.116 -0.105 -0.099 -0.108 -0.059 -0.049 0.018 0.088 0.143 0.193

0.602 4.99 -0. I I0 -0.099 -0.094 -0. I00 -0.050 -0.039 0.029 O. 100 O. 156 0.209
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Table 21, Continued

(b) 0 - 0 °

M

Static pressure coefficients fi)r :r/L,, of

NPR -1.280 -0.884 -0.634 -0.428 -0.246 -0.080 0.031 0.097 0.183 0.299 0.400 0.504 0.629

1.199 0.94 -0.084 -0.129 -0.143 -0.152 -0.151 -0.171 -0.286 -0.356 -0.454 -0.210 -0.153 -0.138 -0.125

1.201 3.01 -0.087 -0.132 -0.150 -0.157 -0.155 -0.174 -0.284 -0.354 -0.452 -0.276 -0.158 -0.109 -0.065

1.203 4.02 -0.087 -0.133 -0.153 -0.161 -0.157 -0.176 -0.285 -0.354 -0.451 -0. 322 -0.187 -0.130 -0.077

1,200 4.51 -0.083 -0.133 -0.151 4). 159 -0.155 -0.176 -0.282 -0.353 -0.449 -0.342 -0.196 -0.133 -0.079

I. 199 6.0 ! -0.085 -0.134 -0.153 -0.162 -0.158 -0.178 -0.285 -0.355 -0.450 -0.353 -0.196 -0.123 -0.067

I. 199 8.02 -0.089 -0.137 -0.159 -0.169 -0.164 -0.183 -0.287 -0.357 -0.453 -0. 299 -0.150 -0.095 -0.052

0.900 1.06 -0.179 -0.190 -0.188 -0.185 4). 181 -0.256 -0.371 -0.306 -0.144 -0.037 0.002 0.025 0.047

0.900 1.97 -0.176 -0.181 -0.181 -0.175 -0.166 -0.236 -0.311 -0.257 -0.109 0.001 0.045 0.078 0.113

0.900 3.02 -0.177 -0.182 -0.183 -0.177 -0.170 -0.240 -0.317 -0.261 -0.110 0.003 0.048 0.084 0.125

0.900 4.00 -0.177 -0.180 -0.182 -0.177 -0.170 -0.241 -0.322 -0.266 -0.114 -0.002 0.044 0.079 0.120

0.900 4.53 -0.178 -0.184 -0.185 -0.180 -0.172 -0.242 -0.319 -0.263 -0.112 -0.001 0.044 0.078 0.117

0.903 6.03 -0.176 -0.180 -0.182 -0.175 -0.166 -0.235 -0.306 -0.252 -0.104 0.006 0.050 0.083 O. 122

0.800 1.05 -0.143 -0.158 -0.158 -0.161 -0.162 -0.235 -0.316 -0.298 -0.171 -0.055 -0.009 0.021 0.048

0.800 2.00 -0.138 -0.149 -0.148 -0.147 -0.145 -0.211 -0.274 -0.254 -0.129 -0.014 0.036 0.073 0.113

0.801 3.01 -0.138 -0.149 -0.149 -0.148 -0.147 -0.213 -0.277 -0.256 -0.129 -0.011 0.041 0.082 0.127

0.801 4.02 -0.137 -0.148 -0.148 -0.147 -0.145 -0.211 -0.273 -0.252 -0.126 -0.011 0.040 0.078 0.119

0.800 4.49 -0.135 -0.146 -0.146 -0.145 -0.143 -0.209 -0.271 -0.251 -0.126 -0.010 0.039 0.075 0.114

0.800 5.00 -0.134 -0.145 -0.145 -0.143 -0.141 -0.206 -0.268 -0.247 -0.122 -0.007 0.042 0.077 0.116

0.601 1.02 -0.120 -0.135 -0.137 -0.141 -0.143 -0.207 -0.271 -0.263 -0.165 -0.059 -0.012 0.017 0.050

0.601 1.99 -0.108 -0.122 -0.121 -0.123 -0.121 -0.180 -0.234 -0.224 -0.124 -0.017 0.031 0.067 0.1 I0

0.601 3.01 -0.104 -0.118 -0.117 -0.119 -0.118 -0.177 -0.232 -0.222 -0.121 -0.014 0.038 0.077 0.126

0.601 4.02 -0. I 15 -0.133 -0.129 -0.131 -0.130 -0.189 -0.244 -0.235 -0.134 -0.029 0.022 0.058 0.098

0.601 4.50 -0.114 -0.132 -0.128 -0.129 -0.128 -0.187 -0.242 -0.233 -0.133 -0.029 0.023 0.057 0.095

0.602 4.99 -0.109 -0.126 -0.122 -0.124 -0.122 -0.181 -0.236 -0.228 -0.126 -0.023 0.028 0.061 0.097
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Table 21. Concluded

(c) ¢ = 90 °

M

Static pressure coefficients for x/L. of -

NPR -0.884 -0.634 -0.428 .0.080 0.031 0.097 0.183 0.299 0.400 0.504 0.629

1.199 0.94 .0.117 -0.129 -0.146 -0.229 -0.314 -0.411 -0.130 -0.113 -0.123 -0.129 .0.138

1.201 3.01 .0.122 -0.133 .0.147 .0.230 .0.313 .0.412 -0.162 -0.140 -0.156 -0.165 .0.156

1.203 4.02 -0.124 -0.132 .0.147 .0.230 .0.312 -0.412 -0.183 -0.155 -0.172 -0.181 -0.175

1.200 4.51 -0.122 -0.132 -0.146 -0.229 -0.310 -0.411 -0.192 -0.160 -0.178 -0.186 -0.180

1.199 6.01 -0.124 -0.135 -0.149 -0.232 -0.312 -0.414 .0.208 .0.171 -0.186 -0.192 -0.179

1.199 8.02 -0.130 -0.141 -0.152 -0.237 -0.314 -0.417 -0.182 -0.156 -0.170 .0.170 -0.149

0.900 i.06 -0.191 .0.184 -0.182 -0.288 -0.351 -0.183 -0.004 0.01 i 0.002 -0.001 0.018

0.900 i.97 -0.186 -0.178 -0.170 .0.275 .0.324 -0.177 0.012 0.029 0.017 0.014 0.032

0.900 3.02 -0.188 -0.181 .0.173 .0.284 -0.342 -0.189 0.005 0.019 0.007 0.007 0.031

0.900 4.00 -0.189 -0.180 -0.177 -0.288 -.0.359 -0.199 .0.002 0.014 0.005 0.003 0.027

0.900 4.53 -0.193 -0.182 -0.179 -0.289 -0.354 -0.196 O.OOI 0.016 0.006 0.004 0.029

0.903 6.03 -0.191 -0.181 -0.175 -0.286 .0.356 -0.199 0.002 0.018 0.010 0.012 0.035

0.800 1.05 -0.160 -0.158 -0.166 -0.290 -0.379 -0.302 -0.051 .0.003 -0.014 -0.01 ! 0.026

0.800 2.00 -0.153 -0.149 -0.152 -0.262 -0.329 -0.251 -0.015 0.025 0.009 0.010 0.039

0.801 3.01 -0.155 -0.150 -0.156 -0.274 -0.354 -0.280 -0.033 0.012 -0.002 0.004 0.043

0.801 4.02 -0.154 -0.150 -0.155 -0.273 -0.348 -0.273 -0.025 0.017 0.002 0.007 0.044
0.800 4.49 -0.153 -0.148 -0.155 -0.270 .0.345 .0.270 .0.024 0.019 0.006 0.011 0.044

0.800 5.00 .0.152 -0.148 -0.152 -0.268 .0.341 .0.265 .0.018 0.023 0.009 0.014 0.047

0.601 1.02 -0.139 -0.142 -0.154 -0.285 .0.381 -0.373 .0.191 .0.017 -0.018 0.016 0.067

0.601 1.99 -0.126 -0.125 -0.135 -0.250 .0.323 -0.298 .0.094 0.026 0.01 ! 0.033 0.080

0.601 3.01 -0.123 -0.124 -0.136 -0.258 .0.342 -0.326 -0.132 0.017 0.010 0.040 0.090
0.601 4.02 -0.136 -0.138 -0.147 -0.266 -0.346 -0.325 -0.122 0.011 0.002 0.026 0.073

0.601 4.50 -0.134 -0.136 -0.145 -0.263 -0.340 -0.317 -0.111 0.014 0.006 0.026 0.073

0.602 4.99 -0.129 -0.131 -0.141 -0.258 -0.336 -0.311 -0.104 0.024 0.011 0.030 0.075
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Table 22. Static Pressure Coefficients for SCF Nozzle; L.f/dt = 1.20; _t,,y = 20 °

(a) ¢ =-90 °

Static pressure coefficients for x/Ln oK

M NPR -0.884 -0.634 -0A28 0.031 0.097 0.183 0.299 0.400

1.271 0.84 -0.103 -0.120 -0.133 0.062 0.054 0.066 0.094 0.107

1.271 4.00 -0.109 -0.124 -0.141 0.060 0.064 0.097 0.164 0.224

1.271 4.53 -0.111 -0.126 -0.134 0.067 0.072 0.II0 0.182 0.240

1.272 6.02 -0.113 -0.129 -0.139 0.074 0.088 0.135 0.208 0.261

1.271 8,03 -0.116 -0.132 -0.145 0.086 0.108 0.158 0.226 0.268

1.200 0.82 -0.123 -0.141 -0.159 0.045 0.035 0.045 0.071 0.078

1.200 3.02 -0.125 -0.143 -0.166 0.048 0.044 0.066 0.123 0.174

1.202 4.03 -0.123 -0.142 -0.168 0.054 0.055 0.086 0.154 0.212

1.202 4.52 -0.123 -0.142 -0.169 0.056 0.060 0.094 0.165 0.222

1.199 5.99 -0.120 -0.136 -0.154 0.077 0.092 0.137 0.207 0.260

1.199 8.02 -0.118 -0.135 -0.155 0,094 0.116 0.165 0.231 0.275

0.901 1.00 -0.160 -0.137 -0.106 0.111 0.084 0.077 0.087 0.096

0.900 2.02 -0.144 -0.116 -0.085 0.142 0.124 0.129 0.167 0.215

0.900 3.02 -0.143 -0.117 -0.085 0.142 0.124 0.130 0.167 0.212

0.900 4.02 4).140 -0.Ill -0.079 0.152 0.138 0.149 0.196 0.252

0.901 4.51 -0.139 -0.1 lO -0.076 0.156 0.143 0.156 0.207 0.266

0.901 6.00 -0.130 -0.098 -0.065 0.173 0.165 0.185 0.245 0.307

0.800 0.99 -0.131 -0.I13 -0.087 O,109 0.079 0.071 0.081 0.095

0.801 2.00 -0.115 -0.094 -0,064 0.143 0.122 0.128 0.164 0.215

0.800 2.99 -0.111 -0.090 -0.060 0.145 0.125 0.130 0.164 0.212

0.801 4.01 -0.107 -0.084 -0.054 0.155 0.138 0.149 0.193 0.253

0.801 4.51 -0.105 -0.081 -0.050 0.162 0.147 0.160 0.210 0.273

0.802 5.00 -0.100 -0.076 -0.044 0.168 0.155 0.170 0.223 0.289

0.601 0.99 4). 109 -0.091 -0.070 O. 102 0.071 0.062 0.065 0.080

0.601 2.00 -0.091 -0.070 -0.045 0.140 0.118 0.123 0.154 0.206

0.602 3.01 -0.084 -0.064 -0.037 0.146 0.125 0.129 0.158 0.207

0.602 4.02 -0.098 -0.079 -0.054 0.136 0.116 0.125 0.165 0.225

0.601 4.52 -0.092 -0.072 -0.045 0.146 0.128 0.140 0.182 0.249

0.601 5.00 -0.085 -0.066 -0.037 0.154 0.139 0.154 0.199 0.269
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Table 22. Continued

(b) _ = 0°

Static pressure coefficients for x/L. of

M NPR - 1.280 -0.884 -0.428 -0.246 -0.080 0.031 0.097 0.183 0.299 0.400 0.504 0.629

1.271 0.84 -0.073 4). I i 7 4). ! 45 -0. i 56 4). 154 -0.289 -0.376 -0.351 -0.318 -0.281 4).222 -0.184

1.271 4.00 4).081 -0.123 -0.156 -0.165 -0.166 -0.296 -0.384 -0.351 --0.221 -0.204 -0.202 -0.200

1.271 4.53 4).083 -0.122 4).152 4).!61 -0.163 -0.292 -0.379 -0.350 -0.230 -0.212 -0.208 -0.207

1.272 6.02 -0.086 -0.126 -0.156 -0.165 -0.167 -0.294 -0.381 -0.349 4).221 -0.206 4).203 -0.201

1.271 8.03 -0.093 -0.130 -0.162 -0.171 -0.173 -0.297 -0.383 -0.340 -0.203 -0.193 -0.191 -0.190

1.200 0.82 -0.102 -0.138 -0.169 -0.175 --0.169 -0.324 -0.409 -0.381 -0.336 -0.300 -0.235 -0.215

1.200 3.02 -0.108 -0.141 -0.178 -0.183 -0.178 -0.326 -0.409 -0.375 -0.251 -0.235 -0.218 -0.211

1.202 4.03 -0.109 -0.142 -0.179 -0.184 -0.179 -0.325 -0.408 -0.372 -0.245 -0.231 -0.226 -0.219

1.202 4.52 -0.110 -0.143 -0.180 -0.186 -0.181 -0.326 -0.407 -0.371 -0.243 -0.229 -0.223 -0.217

1.199 5.99 -0.097 -0.136 -0.167 -0.174 -0.167 -0.318 -0.404 -0.361 -0.229 -0.210 4).206 -0.199

!.199 8.02 -0.099 -0.136 -0.168 -0.175 -0.168 -0.317 -0.402 -0.340 -0.204 -0.190 -0.186 -0.184

0.901 1.00 -0.173 -0.176 -0.155 -0.153 -0.187 -0.471 -0.394 -0.198 4).119 -0.090 -0.068 -0.062

0.900 2.02 -0.165 -0.164 -0.141 -0.137 -0.171 -0.409 43.309 -0.151 -0.079 -0.057 -0.037 -0.020

0.900 3.02 -0.1 64 -0.164 -0.143 -0.141 -0.176 -0.434 -0.346 -0.173 -0.096 -0.067 -0.039 -0.017

0.900 4.02 -0.162 -0.163 4). i 40 -0.137 43.171 -0.420 -0.325 4). 160 -0.087 -0.065 -0.043 4).027

0.901 4.51 -0.162 -0.163 -0.139 -0.136 -0.169 -0.416 -0.320 4).156 -0.085 -0.065 -0.047 -0.030

0.901 6.00 -0.159 -0.156 -0.133 -0.129 -0.163 -0.401 -0.304 -0.147 -0.077 -0.058 -0.040 -0.021

0.800 0.99 -0.142 -0.152 -0.148 -0.158 -0.207 4).432 -0.367 -0.232 -0.147 -0.108 -0.076 -0.056

0.801 2.00 4).131 -0.138 -0.129 -0.135 -0.176 -0.372 -0.308 -0.178 -0.102 -0.069 -0.040 43.011

0.800 2.99 4).129 4).136 -0.128 -0.135 -0.179 -0.380 -.0.317 -0.186 -0.105 -0.068 -0.033 -0.001

0.801 4.01 -0.126 4).133 -0.124 -0.130 -0.172 -0.369 4).305 -0.176 -0.098 -0.066 -0.035 -0.005

0.801 4.51 -0.123 4). i 31 -0.120 -0.127 -0.169 -0. 365 -0. 303 -0.175 -0.099 -0.068 -0.039 -0.012

0.802 5.00 -0.120 -0.127 -0.117 -0.124 -0.166 -0.361 -0.299 -0.171 4).096 4).066 -0.039 -0.013

0.601 0.99 -0.119 -0.134 -0.138 -0.154 -0.199 -0.375 -0.329 -0.221 -0.146 -0.111 4).075 -0.043

0.601 2.00 -0.106 -0.118 -0.116 -0.129 4).171 -0.333 -0.288 -0.181 -0.108 4).073 -0.037 4).001

0.602 3.01 -0.099 -0.114 -0.112 -0.125 -0.169 4).334 -0.289 -0.181 -0.108 -0.071 -0.033 0.004

0.602 4.02 -0.118 -0.128 -0.129 -0.141 4).182 -0.346 -0.301 -0.193 -0.122 -0.089 -0.056 -0.019

0.601 4.52 -0.112 -0.122 -0.123 -0.135 -0.176 -0.340 -0.296 -0.188 -0.118 -0.084 -0.052 -0.015

0.601 5.00 -0.105 -0.116 -0.115 -0.128 -0.168 -0.333 -0.288 -0.180 -0.110 -0.078 -0.046 -0.010
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M NPR -.0.884

1.271 0.84 -0.116

1.271 4.00 -0.125

1.271 4.53 -0.129

1.272 6.02 -0.132

1.271 8.03 -0.138

1.200 0.82 -0.140

1.200 3.02 -0.147

1.202 4.03 -0.147

1.202 4.52 -0. i 49

1.199 5.99 -0.135

1.199 8.02 -0.136

0.901 1.00 -0.185

0.90O 2.02 -0.175

0.900 3.02 -0.177

0.900 4.02 -0.176

0.901 4.51 -0.177

0.901 6.00 -0.174

0.800 0.99 -0.163

0.801 2.00 -0.151

0.800 2.99 -0.150

0.801 4.01 -0.147

0.801 4.5 i -0.144

0.802 5.00 -0.14 I

0.601 0.99 -0.146

0.601 2.00 -0.131

0.602 3.01 -0.128

0.602 4.02 -0.145

0.601 4.52 -0.138

0.601 5.00 -0.132

Tabh, 22, Concluded

(c) 0 = 9(I °

Static pressure coefficients fl)r x/L,, of

-0.634 -0.428 -0.080 0.031 0.097 0.183 0.299 0.400 0.504 0.749

-0.126 -0.126 -0.187 -0.311 -0.405 -0.239 -0.178 -0.191 -0.207 0.040

-0.138 -0.136 -0.201 -0.319 -0.413 -0.175 -0.144 -0.149 -0.162 0.043

-0.140 -0.139 -0.197 -0.315 -0.410 -0.178 -0.146 -0.150 -0.163 0.049

-0.145 -0.144 41.202 -0.317 -0.413 -0.177 -O.146 -0.150 -0.161 0.047

-0.150 -0. ! 50 -0.209 -0.322 -0.418 -0.167 -0.142 -0.146 -0.157 0.022

-0.149 -0.152 -0.219 -0.363 -0.462 -0.245 -0.197 -0.211 -0.229 0.027

-0.156 -0.158 -0.231 -0.365 -0.466 -0.191 -0.163 -0.171 -0.184 0.038

-0.156 -0.158 -0.232 -0.364 -0.465 -0.188 -0.162 -0.167 -0.179 0.040

-0.158 -0.159 -0.235 -0.364 -0.467 -0.189 -0.163 -0.168 -0.178 0.040

-0.145 -0.149 -0.224 -0.360 -0.459 -0.180 -0.151 -0.156 -0.166 0.034

-0.146 -0.151 -0.226 -0.360 -0.457 -0.164 -0.140 -0.146 -0.155 0.016

-0.175 -0.166 -0.265 -0.536 -0.220 -0.056 -0.037 -0.061 -0.076 0.000

-0.163 -0.155 -0.245 -0.431 -0.160 -0.005 0.016 0.005 -0.016 0.011

-0.167 -0.162 -0.258 -0.517 -0.210 -0.036 -0.015 -0.034 -0,042 0.013

-0.166 -0.160 -0.253 -0.478 -0.183 -0.016 0.005 -0.01 I -0.029 -0.013

-0.165 -0.156 -0.250 -0.474 -0.175 -0.012 0.008 -0.001 -0.021 -0.019

-0.161 -0.154 -0.247 -0.468 -0.169 -0.004 0.016 0.010 -0.005 -0.027

-0.162 -0.168 -0.301 -0.544 -0.385 -0.103 -0.045 -0.065 -0.071 0.001

-0.147 -0.149 -0.258 -0.444 -0.288 -0.039 0.007 -0.003 -0.023 0.018

-0.148 -0.152 -0.275 -0.491 -0.334 -0.064 -0.009 -0.021 -0.029 0.018

-0.145 -0.150 -0.266 -0.472 -0.313 -0.050 0.001 -0.009 -0.026 -0.005

-0.142 -0.144 -0.259 -0.458 -0.298 -0.038 0.010 -0.001 -0.020 -0.011

-0.139 -0.143 -0.255 -0.447 -0.283 -0.025 0.018 0.008 -0.014 -0.017

-0.155 -0.161 -0.294 -0.496 -0.441 -0.218 -0.039 -0.051 -0.055 0.002

-0.137 -0.140 -0.256 -0.432 -0.360 -0,130 0.011 0.001 -0.014 0.011

-0.135 -0.140 -0.265 -0.456 -0.390 -0.157 0.005 -0.009 -0.018 0.003

-0.148 -0.157 -0.281 -0.463 -0.396 -0.161 -0.011 -0.019 -0.025 -0.024

-0.141 -0.151 -0.274 -0.455 -0.385 -0.148 -0.002 -0.011 -0.018 -0.025

-0.134 -0.144 -0.266 -0.447 -0.375 -0.136 0.005 -0.003 -0.012 -0.023
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Table 23. Static Pressure Coefficients for SCF Nozzle; Lf/dt = 0.94; 6v,y = 0 °

(a) ¢ =-90 °

Static pressure coefficients for x/Ln of--

M NPR -1.489 -1.028 -0.738 -0.498 0.037 0.113 0.213 0.327 0.425 0.525 0.650

1.272 4.02 -0.089 -0.133 -0.139 -0.160 -0.283 -0.357 -0.311 -0.240 -0.232 -0.200 -0.154

1.272 4.55 -0.091 -0.135 -0.141 -0.163 -0.285 -0.359 -0.302 -0.238 -0.232 -0.201 -0.156

1.272 6.02 -0.096 -0.138 -0.146 -0.168 -0.287 -0.362 -0.267 -0.226 -0.224 -0.196 -0.153

1.272 8.01 -0.099 -0.140 -0.148 -0.172 -0.289 -0.365 -0.219 -0.200 -0.203 -0.179 -0.138

1.202 0.91 -0.092 -0.133 -0.142 -0.167 -0.310 -0.390' -0.193 -0.187 -0.190 -0.179 -0.166

1.201 3.02 -0.096 -0.136 -0.145 -0.173 -0.312 -0.396 -0.323 -0.260 -0.247 -0.216 -0.160

1.201 3.99 -0.097 -0.138 -0.146 -0.176 -0.314 -0.398 -0.286 -0.246 -0.237 -0.211 -0.160

1.201 4.52 -0.098 -0.139 -0.147 -0.180 -0.315 -0.401 -0.282 -0.243 -0.237 -0.210 -0.163

1.201 6.01 -0.100 -0.139 -0.147 -0.182 -0.316 -0.402 -0.256 -0.229 -0.227 -0.203 -0.157

1.201 7.99 -0.101 -0.140 -0.148 -0.185 -0.316 -0.404 -0.211 -0.198 -0.200 -0.180 -0.135

0.950 1.06 -0.198 -0.244 -0.241 -0.239 -0.170 -0.050 0.019 0.021 0.016 0.023 0.024

0.950 3.01 -0.195 -0.237 -0.227 -0.216 -0.230 -0.107 -0.005 -0.007 0.007 0.037 0.077

0.951 4.02 -0.191 -0.234 -0.224 " -0.216 -0.210 -0.091 0.009 0.009 0.018 0.046 0.084

0.951 4.50 -0.189 -0.231 -0.226 -0.214 -0.195 -0.078 0.015 0.016 0.021 0.046 0.085

0.950 5.00 -0.188 -0.228 -0.216 -0.208 -0.191 -0.073 0.020 0.021 0.025 0.048 0.087

0.951 7.00 -0.187 -0.231 -0.221 -0.207 -0.162 -0.056 0.038 0.045 0.044 0.061 0.099
1.272 0.91 -0.079 -0.121 -0.133 -0.144 -0.265 -0.338 -0.203 -0.185 -0.182 10.166 -0.149

0.906 1.05 -0.179 -0.194 -0.184 -0.188 -0.218 -0.094 0.009 0.008 0.005 0.013 0.022

0.903 2.01 -0.171 -0.184 -0.172 -0.175 -0.243 -0.138 -0.003 -0.001 0.005 0.029 0.071

0.903 3.02 -0.167 -0.179 -0.167 -0.173 -0.269 -0.169 -0.017 -0.012 0.005 0.038 0.081
0.904 4.01 -0.165 -0.178 -0.166 -0.171 -0.245 -0.143 0.000 0.003 0.014 0.043 0.086

0.900 4.52 -0.158 -0.171 -0.159 -0.165 -0.234 -0.132 0.009 0.010 0.019 0.047 0.090

0.901 6.00 -0.153 -0.165 -0.153 -0.158 -0.206 -0.106 0.028 0.033 0.036 0.056 0.099

0.850 1.03 -0.157 -0.172 -0.164 -0.166 -0.176 -0.075 0.044 0.051 0.048 0.051 0.050

0.851 2.02 -0.150 -0.163 -0.155 -0.159 -0.247 -0.167 -0.002 0.005 0.014 0.038 0.083

0.853 3.00 -0.133 -0.148 -0.141 -0.145 -0.256 -0.186 -0.005 0.009 0.028 0.061 0.104
0.851 4.00 -0.127 -0.140 -0.133 -0.136 -0.231 -0.155 0.018 0.028 0.039 0.066 0. Ill

0.852 4.52 -0.123 -0.137 -0.131 -0.132 -0.219 -0.138 0.031 0.037 0.047 0.070 0.116
0.851 6.01 -0.116 -0.130 -0.123 -0.122 -0.191 -0.107 0.052 0.058 0.063 0.078 0.123

0.804 1.03 -0.146 -0.160 -0.153 -0.156 -0.187 -0.100 0.040 0.050 0.049 0.051 0.056

0.803 2.02 -0.135 -0.149 -0.143 -0.147 -0.246 -0.184 -0.001 0.013 0.026 0.050 0.098

0.801 3.00 -0.127 -0.142 -0.137 -0.141 -0.262 -0.213 -0.016 0.009 0.032 0.063 0.107
0.802 4.02 -0.122 -0.137 -0.132 -0.135 -0.238 -0.180 0.009 0.025 0.042 0.068 0.115

0.802 4.52 -0.118 -0.133 -0.127 -0.129 -0.227' -0.164 0.021 0.035 0.048 0.072 0.118

0.802 5.01 -0,113 -0.129 -0.123 -0.124 -0.215 -0.150 0.031 0.045 0.055 0.076 0.123

0.604 1.02 -0.136 -0.151 -0.148 -0.153 -0.241 -0.201 -0.019 0.022 0.033 0.046 0.070

0.604 2.01 -0.124 -0.140 -0.137 -0.141 -0.265 -0.253 -0.080 0.025 0.051 0.074 0.109

0.603 3.01 -0.116 -0.133 -0.131 -0.133 -0.269 -0.263 -0.102 0.028 0.062 0.086 0.114

0.602 4.01 -0.108 -0. i 25 -0.122 -0.123 -0.247 -0.234 -0.059 0.045 0.070 0.091 0.126

0.602 4.51 -0.100 -0.117 -0.114 -0.113 -0.233 -0.214 -0.032 0.055 0.077 0.{_9 0.134

0.603 5.01 -0.094 -0.111 -0.110 -0.106 -0.219 -0.195 -0.010 0.063 0.083 0.103 0.140
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Table 23. Continued

(b) ¢ = 0 °

Static pressure coefficients for x/Ln of

M NPR -1.028 -0.738 -0.498 -0.286 -0.093 0.037 0.113 0.213 0.327 0.425 0.525 0.650

i.272 4.02 -0.137 -0.162 -0.177 -0.185 -0.190 -0.286 -0.356 -0.243 -0.187 -0.183 -0.178 -0.164

1.272 4.55 -0.140 -0.165 -0.181 -0.188 -0.193 -0.288 -0.357 -0.291 -0.204 -0.197 -0.188 -0.171

1.272 6.02 -0.143 -0.169 -0.185 -0.191 -0.197 -0.291 -0.360 -0.346 -0.218 -0.209 -0.197 -0.174

1.272 8.01 -0.146 -0.173 -0.189 -0.195 -0.201 -0.293 -0.362 -0.229 -0.187 -0.186 -0.180 -0.161

1.202 0.91 -0.145 -0.164 -0.176 -0.179 -0.181 -0.297 -0.373 -0.559 -0.502 -0.248 -0.187 -0.140

1.201 3.02 -0.148 -0.170 -0.183 -0.185 -0.188 -0.300 -0.375 -0.218 -0.172 -0.169 -0.165 -0.153

1.201 3.99 -0.150 -0.174 -0,187 -0.189 -0.192 -0.301 -0.376 -0.245 -0.184 -0.181 -0.175 -0.159

1.201 4.52 -0.151 -0.177 -0.191 -0.192 -0.195 -0.302 -0.377 -0.288 -0.198 -0.192 -0.184 -0.163

1.201 6.01 -0.153 -0.180 -0.192 -0.194 -0.197 -0.303 -0.377 -0.349 -0.213 -0.203 -0.190 -0.164

1.201 7.99 -0.153 -0.183 -0.196 -0.197 -0.201 -0.303 -0.377 -0.228 -0.178 -0.178 -0.171 -0.150

0.950 1.06 -0.257 -0.261 -0.251 -0.230 -0.239 -0.384 -0.288 -0.073 -0.039 -0.010 0.022 0.051

0.950 3.01 -0.253 -0.251 -0.224 -0.193 -0.190 -0.215 -0.079 0.044 0.054 0.054 0.055 0.059

0.951 4.02 -0.249 -0.249 -0.225 -0.190 -0.185 -0.211 -0.079 0.047 0.058 0.058 0.063 0.068

0.951 4.50 -0.247 -0.247 -0.223 -0.192 4}.187 -0.218 -0.086 0.044 0.058 0.059 0.065 0.073

0.950 5.00 -0.243 -0.240 -0.217 -0.189 -0.188 -0.226 -0.093 0.041 0.055 0.057 0.065 0.077

0.951 7.00 -0.246 -0.247 -0.219 -0.184 -0.181 -0.231 -0.1I0 0.038 0.060 0.068 0.082 0.099

1.272 0.91 -0.130 -0.143 -0.156 -0.164 -0.169 -0.267 -0.341 -0.502 -0.476 -0.296 -0.183 -0.132

0.906 1.05 -0.201 -0.196 -0.192 -0.199 -0.245 -0.441 -0.363 -0.112 -0.048 -0.015 0.015 0.046

0.903 2.01 -0.190 -0.183 -0.176 -0.178 -0.205 -0.278 -0.167 0.013 0.036 0.042 0.051 0.069

0.903 3.02 -0.185 -0.179 -0.173 -0.174 -0.200 -0.259 -0.147 0.026 0.046 0.050 0.055 0.068

0.904 4.01 -0.184 -0.178 -0.171 -0.171 -0.199 -0.265 -0.156 0.024 0.047 0.053 0.061 0.077

0.900 4.52 -0.177 -0.172 -0.166 -0.169 -0.199 -0.276 -0.172 0.018 0.046 0.054 0.065 0.084

0.901 6.00 -0.172 -0.167 -0.161 -0.163 -0.195 -0.286 -0.190 0.010 0.049 0.063 0.079 0.103

0.850 1.03 -0.179 -0.176 -0.179 -0.192 -0.243 -0.399 -0.372 -0.165 -0.034 0.008 0.035 0.059

0.851 2.02 -0.167 -0.161 -0.159 -0.165 -0.197 -0.285 -0.217 -0.011 0.039 0.055 0.069 0.088

0.853 3.00 -0.153 -0.146 -0.144 -0.151 -0.181 -0.263 -0.190 0.015 0.058 0.073 0.085 0.102

0.851 4.00 -0.146 -0.139 -0.137 -0.143 -0.175 -0.263 -0.196 0.012 0.063 0.079 0.093 0.111

0.852 4.52 -0.142 -0.135 -0.133 -0.140 -0.174 -0.268 -0.206 0.005 0.066 0.084 0.099 0.120

0.851 6.01 -0.135 -0.127 -0.125 -0.132 -0.168 -0.272 -0.221 -0.008 0.069 0.093 0.111 0.135

0.804 !.03 -0.168 -0.166 -0.170 -0.184 -0.233 -0.375 -0.367 -0.185 -0.037 0.010 0.039 0.064

0.803 2.02 -0.152 -0.147 -0.148 -0.155 -0.190 -0.288 -0.246 -0.044 0.047 0.070 0.085 O.108

0.801 3.00 -0.146 -0.141 -0.141 -0.148 -0.181 -0.273 -0.226 -0.020 0.057 0.077 0.091 0.III

0.802 4.02 -0.142 -0.136 -0.136 -0.144 -0.180 -0.278 -0.239 -0.035 0.059 0.084 0.I01 0.123

0.802 4.52 -0.137 -0.131 -0.131 -0.140 -0.177 -0.282 -0.249 -0.047 0.061 0.089 0.107 0.131

0.802 5.01 -0.133 -0.126 -0.127 -0.136 -0.174 -0.283 -0.254 -0.056 0.063 0.095 0.I15 0.140

0.604 1.02 -0.157 -0.157 -0.162 -0.174 -0.217 -0.331 -0.338 -0.209 -0.057 -0.001 0.032 0.059

0.604 2.01 -0.143 -0.139 -0.143 -0.152 -0.188 -0.288 -0.286 -0.151 0.002 0.060 0.098 O.127

0.603 3.01 -0.136 -0.131 -0.135 -0.144 -0.179 -0.282 -0.280 -0.138 0.019 0.080 0.115 0.144

0.602 4.01 -0.127 -0.122 -0.125 -0.135 -0.172 -0.276 -0.277 -0.139 0.015 0.075 0.113 0.145

0.602 4.51 -0.120 -0.113 -0.116 -0.126 -0.163 -0.268 -0.270 -0.134 0.020 0.079 0.117 0.149

0.603 5.01 -0.115 -0.106 -0.109 -0.119 -0.157 -0.263 -0.266 -0.130 0.025 0.084 0.122 0.154
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Table 23. Concluded

(c) 0 = 90 °

Static pressure coefficients for x/L,, of

AI NPR - 1.028 -0.093 0.037 0.113 0.213 0.327 0.425 0.525 0.650

1.272 4.02 -0.145 -0.181 -0.276 -0.363 -0.380 -0.244 -0.222 -0.199 -0.148

1.272 4.55 -0.149 4). 184 -0.278 -0.365 -0.362 -0.242 -0.221 -0.200 -0.15 I

1.272 6.02 -0.154 -0.187 -0.280 -0.368 -0.298 -0.227 -0.213 -0.196 -0.149

1.272 8.01 -0.157 -0.190 -0.282 -0.371 -0.228 -0.200 -0.193 -0.181 -0.135

1.202 0.91 -0.141 -0.188 -0.301 -0.391 -0.207 -0.187 -0.184 -0.170 -0.160

1.201 3.02 -0.147 -0.194 -0.304 -0.396 -0.403 -0.267 -0.242 -0.209 -0.156

1.201 3.99 -0.150 -0.198 -0.306 -0.398 -0.328 -0.250 -0.231 -0.203 -0.153

1.201 4.52 -0.153 -0.201 -0.306 -0.400 -0.317 -0.246 -0.229 -0.203 -0.154

1.201 6.01 -0.155 -0.202 -0.307 -0.401 -0.273 -0.230 -0.220 -0.197 -0.15 I

1.201 7.99 -0.157 -0.205 -0.307 -0.403 -0.216 -0.200 -0.196 -0.177 -0.132

0.950 1.06 -0.253 -0.228 -0.263 -0.106 0.018 0.022 0.019 0.025 0.030

0.950 3.01 -0.248 -0.211 -0.312 -0.172 -0.003 0.005 0.024 0.048 0.082

0.951 4.02 -0.247 -0.201 -0.289 -0.150 0.013 0.021 0.033 0.056 0.090

0.951 4.50 -0.244 -0.202 -0.275 -0.136 0.020 0.027 0.037 0.058 0.092

0.950 5.00 -0.239 -0.198 -0.270 -0.131 0.025 0.032 0.042 0.060 0.094

0.951 7.00 -0.242 -0.183 -0.235 -0. I 12 0.040 0.052 0.056 0.070 O. t06

1.272 0.91 -0.132 -0.161 -0.259 -0.340 -0.233 -0.186 -0.176 -O.162 -0.144

0.906 !.05 -0.203 -0.231 -0.322 -0.181 -0.007 0.001 0.003 0.012 0.032

0.903 2.01 -0.192 -0.212 -0.309 -O.198 -0.001 0.012 0.022 0.042 0.081

0.903 3.02 -0.188 -0.216 -0.338 -0.233 -0.017 0.003 0.022 0.049 0.089

0.904 4.01 -0.187 -0.209 -0.313 -0.206 0.001 0.017 0.030 0.055 0.094

0.900 4.52 -0.180 -0.203 -0.300 -0.197 0.009 0.026 0.037 0.060 0.099

0.901 6.00 -0.175 -0.191 -0.275 -0.173 0.025 0.044 0.053 0.070 0.108

0.850 1.03 -0.182 -0.261 -0.434 -0.382 -0. 116 -0.055 -0.026 0.008 0.048

0.851 2.02 -0.167 -0.202 -0.302 -0.229 -0.012 0.019 0.032 0.054 0.093

0.853 3.00 -0.152 -0.194 -0.312 -0.250 -0.018 0.024 0.045 0.074 O. 110

0.851 4.00 -0.145 -0.181 -0.289 -0.219 0.006 0.O41 0.057 0.081 0.120

0.852 4.52 -0.141 -0.174 -0.274 -0.201 0.018 0.050 0.064 0.086 0.124

0.851 6.01 -0.133 -0.158 -0.247 -0.168 0.040 0.068 0.077 0.094 0.132

0.804 1.03 -0.171 -0.253 -0.415 -0.404 -0.167 -0.040 -0.005 0.026 0.056

0.803 2.02 -0.153 -0.192 -0.296 -0.246 -0.021 0.030 0.044 0.067 0.105

0.801 3.00 -0.146 -0.194 -0.312 -0.276 -0.047 0.027 0.050 0.078 0.112

0.802 4.02 -0.141 -0. i 82 -0.289 -0.243 -0.015 0.042 0.059 0.084 O. 122

0.802 4.52 -0.135 -0.174 -0.278 -0.226 -0.002 0.049 0.065 0.088 0.127

0.802 5.01 -0.131 -0.167 -0.265 -0.2 I0 0.012 0.058 0.071 0.092 O. 130

0.604 1.02 -0.159 -0.230 -0.354 -0.366 -0.212 -0.033 0.022 0.055 0.081

0.604 2.01 -0.142 -0.192 -0.300 -0.298 -0.132 0.032 0.074 0.097 O. 122

0.603 3.01 -0.135 -0.189 -0.302 -0.304 -0.147 0.026 0.076 0.103 0.126

0.602 4.01 -0.126 -0.175 -0.283 -0.278 -0.111 0.051 0.091 0.112 0.138

0.602 4.51 -0.117 -0.164 -0.272 -0.263 -0.091 0.066 0.101 0.119 0.147

0.603 5.01 -0. I I 1 -0.154 -0.259 -0.247 -0.070 0.077 O. 107 0.125 0.152

58



Tablo21.St_ttic'Pros_urt'('ot,ifiviont:-,forg('F"Nozzle':Lf/dl = 1.1(_: h,., I = (1°

(_) ,:_- 90 _'

Static' t)t'ossur_ ' c'oottic'iotit s for .r/L,, _f

31 NPR -0.776 -0.556 -0.376 -0.216 0.028 0.085 0.161 0.278 0.382 0.493 0.613

1.270 1.03 -0.107 -0. I 17 -0.136 -0.171 -0.222 -0.338 -0.420 -0.363 -0.180 -0.074 -0.023

1.272 3.99 -0. I 19 -0.126 -0.143 -0.177 -0.231 -0.348 -0.432 -0.378 -0.164 -0.069 -0.026

1.271 4.50 -0. I 13 -0.124 -0.138 -0.171 -0.225 -0.341 -0.425 -0.365 -0.140 -0.059 -0.022

1.271 6.02 -0. I 17 -0.128 -0.143 -0.175 -0.228 -0.345 -0.429 -0.273 -0.107 -0.063 -0.030

1.271 8.01 -0. I 19 -0.130 -0.148 -0.180 -0.231 -0.348 -0.433 -0.152 -0.104 -0.070 -0.032

1.200 0.98 -0.127 -0.138 -0.161 -0.203 -0.264 -0.391 -0.481 -0.405 -0.190 -0.095 -0.046

I. 198 2.98 -0.131 -0.142 -0.170 -0.211 -0.269 -0.398 -0.490 -0.412 -0.192 -0.094 -0.047

1.201 4.03 -0.124 -0.137 -0.159 -0.200 -0.260 -0.387 -0.478 -0.382 -0.143 -0.078 -0.037

1.201 4.52 -0.125 -0.137 -0.162 -0.203 -0.261 -0.388 -0.480 -0.346 -0.134 -0.079 -0.039

1.201 6.01 -0.125 -0.139 -0.164 -0.204 -0.262 -0.390 -0.482 -0.199 -0.124 -0.085 -0.042

1.201 8.02 -0.127 -0.140 -0.169 -0.208 -0.265 -0.394 -0.484 -0.157 -0.123 -0.088 -0.040

0.951 1.09 -0.239 -0.240 -0.24 ! -0.257 -0.259 -0.165 -0.020 0.033 0.064 0.094 0.124

0.951 3.02 -0.231 -0.230 -0.225 -0.235 -0.259 -0.175 -0.020 0.052 0.087 O. I 17 0.143

0.950 4.01 -0.229 -0.227 -0.218 -0.227 -0.253 -0.168 -0.014 0.059 0.093 0.124 0.150

0.950 4.50 -0.228 -0.221 -0.219 -0.227 -0.244 -0.154 -0.007 0.061 0.095 0.125 0.153

0.951 5.00 -0.227 -0.224 -0.220 -0.229 -0.220 -0.140 0.002 0.073 0.103 0.133 0.160

0.953 7.02 -0.231 -0.228 -0.221 -0.222 -0.175 -0.100 0.029 0.089 0.115 0.142 0.172

0.901 1.08 -0.182 -0.175 -0.181 -0.218 -0.325 -0.280 -0.090 0.036 0.082 0.115 0.139

0.901 1.98 -0.168 -0.159 -0.164 -0.195 -0.262 -0.223 -0.050 0.071 0.115 0.147 0.169

0.903 3.02 -0.168 -0.159 -0.164 -0.196 -0.275 -0.238 -0.062 0.061 0.107 0.139 0.161

0.902 3.99 -0.161 -0.151 -0.159 -0.191 -0.262 -0.226 -0.051 0.073 0.118 0.152 0.174

0.900 4.48 -0.172 -0.163 -0.166 -0.197 -0.263 -0.227 -0.052 0.069 0.116 0.147 0.170

0.902 5.98 -0.168 -0.157 -0.160 -0.188 -0.238 -0.197 -0.026 0.087 0.129 0.158 0.181

0.850 1.07 -0.162 -0.159 -0.166 -0.203 -0.293 -0.285 -0.117 0.023 0.076 0.110 0.135

0.851 2.02 -0.146 -0.140 -0.143 -0.176 -0.244 -0.232 -0.069 0.065 0.118 0.152 0.176

0.851 2.99 -0.134 -0.128 -0.133 -0.167 -0.239 -0.229 -0.067 0.068 0.121 0.153 0.177

0.852 3.99 -0.152 -0.146 -0.151 -0.183 -0.251 -0.239 -0.077 0.059 0.110 0.144 0.170

0.852 4.51 -0.149 -0.143 -0.148 -0.180 -0.245 -0.230 -0.068 0.067 0.119 0.152 0.179

0.848 6.00 -0.145 -0.138 -0.140 -0.170 -0.227 -0.210 -0.047 0.086 0.136 0.168 0.194

0.800 1.06 -0.153 -0.150 -0.158 -0.195 -0.275 -0.278 -0.127 0.014 0.067 0.100 0.126

0.799 1.99 -0.140 -0.135 -0.139 -0.173 -0.236 -0.233 -0.084 0.055 0.108 0.145 0.173

0.800 2.99 -0.138 -0.133 -0.138 -0.172 -0.239 -0.239 -0.090 0.048 0.101 0.134 0.161

0.801 4.03 -0.135 -0.130 -0.135 -0.167 -0.231 -0.229 -0.079 0.060 0.113 0.149 0.178

0.801 4.52 -0.133 -0.128 -0.132 -0.164 -0.225 -0.222 -0.072 0.067 0.121 0.158 0.187

0.801 5.02 -0.131 -0.127 -0.130 -0.163 -0.221 -0.216 -0.066 0.074 0.129 0.166 0.196

0.600 1.03 -0.133 -0.129 -0.137 -0.170 -0.231 -0.243 -0.125 0.006 0.054 0.087 0.106

0.601 2.00 -0.122 -0.116 -0.122 -0.152 -0.205 -0.214 -0.096 0.037 0.087 0.123 0.151

0.602 2.99 -0.120 -0.115 -0.121 -0.152 -0.208 -0.218 -0.099 0.031 0.082 0.114 0.140

0.602 4.00 -0.114 -0.109 -0.114 -0.145 -0.198 -0.207 -0.087 0.046 0.099 0.136 0.169

0.602 4.52 -0.126 -0.122 -0.127 -0.157 -0.208 -0.217 -0.098 0.035 0.091 0.129 0.167

0.602 5.00 -0.123 -0.119 -0.123 -0.153 -0.204 -0.212 -0.091 0.042 0.100 0.140 0.179

59



Table24.Continued

(b) _ = 0°

Static pressure coefficients for x/Lr, of--

M NPR -I.124 -0.776 -0.556 -0.376 -0.216 -0.070 0.028 0.085 0.161 0.278 0.382 0.493 0.613

1.270 1.03 -0.073 -0.117 -0.138 -0.149 -0.148 -0.169 -0.250 -0.342 -0.384 -0.299 -0.228 -0.167 -0.101

1.272 3.99 -0.087 -0.124 -0.145 -0.158 -0.158 -0.181 -0.260 -0.350 -0.394 -0.312 -0.245 -0.154 -0.038

1.271 4.50 -0.082 -0.120 -0.139 -0.152 -0.153 -0.172 -0.254 -0.344 -0.385 -0.305 -0.244 -0.160 -0.042

i.271 6.02 -0.086 -0.123 -0.144 -0.157 -0.157 -0.176 -0.256 -0.346 -0.388 -0.309 -0.246 -0.141 -0.034

1.271 8.01 -0.089 -0.126 -0.147 -0.160 -0.161 -0.179 -0.258 -0.348 -0.390 -0.310 -0.227 -0.088 -0.008

1.200 0.98 -0.102 -0.138 " -0.159 -0.169 -0.167 -0.184 -0.276 -0.381 -0.418 -0.315 -0.251 -0.183 -0.113

1.198 2.98 -0.109 -0.142 -0.167 -0.177 -0.174 -0.192 -0.281 -0.385 -0.423 -0.321 -0.254 -0.135 -0.023

1.201 4.03 -0.101 -0.136 -0.157 -0.167 -0.165 -0.182 -0.274 -0.377 -0.415 -0.315 -0.248 -0.138 -0.026

1.201 4.52 -0.103 -0.136 -0.159 -0.169 -0.167 -0.183 -0.275 -0.378 -0.416 -0.315 -0.249 -0.146 -0.035

1.201 6.01 -0.105 -0.138 -0.1"61 -0.170 -0.169 -0.186 -0.276 -0.378 -0.417 -0.317 -0.242 -0.126 -0.028

1.201 8.02 -0.109 -0.140 -0.166 -0.176 -0.174 -0.190 -0.278 -0.380 -0.418 -0.317 -0.206 -0.077 -0.003

0.951 1.08 -0.204 -0.254 -0.262 -0.252 -0.226 -0.252 -0.354 -0.293 -0.074 0.018 0.060 0.087 0.107

0.951 3.02 -0.203 -0.247 -0.254 -0.237 -0.204 -0.224 -0.299 -0.214 -0.0.t0 0.058 0.102 0.137 0.166

0.950 4.01 -0.202 -0.243 -0.250 -0.229 -0.196 -0.224 -0.301 -0.208 -0.026 0.062 0.106 0.140 0.169

0.950 4.50 -0.201 -0.244 -0.248 -0.227 -0.198 -0.223 -0.297 -0.207 -0.025 0.063 0.106 0.139 0.168

0.951 5.00 -0.201 -0.243 -0.251 -0,234 -0.199 -0.217 -0.287 -0.193 -0.018 0.069 0.Ill 0.144 0.171

0.953 7.02 -0.201 -0.247 -0.259 -0.238 -0.193 -0.199 -0.254 -0.164 -0.004 0.080 0.120 0.149 0.174

0.901 1.08 -0.177 -0.188 -0.184 -0.182 -0.180 -0.244 -0.368 -0.294 -0.094 0.006 0.052 0.083 0.105

0.901 1.98 -0.167 -0.174 -0.170 -0.165 -0.161 -0.215 -0.295 -0.233 -0.054 0.046 0.096 0.133 0.165

0.903 3.02 -0.166 -0.174 -0.170 -0.166 -0.162 -0.219 -0.306 -0.239 -0.055 0.046 0.097 0.136 0.172

0.902 3.99 -0.163 -0.168 -0.164 -0.160 -0.156 -0.211 -0.295 -0.229 -0.047 0.054 0.104 0.143 0.177

0.900 4.48 -0.171 -0.177 -0.171 -0.167 -0.163 -0.217 -0.299 -0.235 -0.057 0.045 0.094 0.130 0.162

0.902 5.98 -0.168 -0.174 -0.166 -0.161 -0.156 -0.206 -0.282 -0.221 -0.046 0.054 0.101 0.135 0.163

0.850 1.07 -0.156 -0.167 -0.165 -0.167 -0.168 -0.226 -0.314 -0.279 -0.103 -0.004 0.042 0.071 0.094

0.851 2.02 -0.141 -0.151 -0.147 -0.146 -0.143 -0.193 -0.265 -0.231 -0.062 0.039 0.090 0.126 0.160

0.851 2.99 -0.130 -0.139 -0.136 -0.135 -0.132 -0.184 -0.259 -0.224 -0.053 0.050 0.100 0.138 0.174

0.852 3.99 -0.147 -0.157 -0.153 -0.152 -0.149 -0.199 -0.273 -0.238 -0.069 (I.033 0.084 0.120 0.157

0.852 4.51 -0.144 -0.154 -0.150 -0.149 -0.145 -0.195 -0.269 -0.232 -0.064 0.037 0.087 0.122 0.157

0.848 6.00 -0.138 -0.150 -0.145 -0.143 -0.138 -0.186 -0.256 -0.222 -0.056 0.044 0.093 0.126 0.156

0.800 1.06 -0.145 -0.159 -0.157 -0.159 -0.158 -0.213 -0.294 -0.270 -0.109 -0.012 0.033 0.062 0.083

0.799 1.99 -0.135 -0.145 -0.141 -0.141 -0.136 -0.184 -0.253 -0.227 -0.070 0.029 0.078 0.114 0.148

0.800 2.99 -0.132 -0.142 -0.139 -0.139 -0.135 -0.184 -0.254 -0.229 -0.071 0.027 0.077 0.114 0.151

0.801 4.03 -0.128 -0.140 -0.136 -0.136 -0.131 -0.179 -0.250 -0.222 -0.065 0.034 0.083 0.119 0.154

0.801 4.52 -0.127 -0.138 -0.134 -0.134 -0.129 -0.177 -0.247 -0.222 -0.064 0.035 0.084 0.119 0.151

0.801 5.02 -0.125 -0.136 -0.132 -0.131 -0.127 -0.174 -0.242 -0.216 -0.059 0.039 0.087 0.122 0.151

0.600 1.03 -0.122 -0.135 -0.135 -0.138 -0.135 -0.179 -0.244 -0.234 -0.103 -0.019 0.022 0.046 0.067

0.601 2.00 -0.113 -0.123 -0.121 -0.122 -0.116 -0.156 -0.216 -0.203 -0.073 0.014 0.059 0.090 0.123

0.602 2.99 -0.110 -0.123 -0.119 -0.122 -0.116 -0.157 -0.218 -0.207 -0.076 0.011 0.056 0.089 0.121

0.602 4.00 -0.103 -0.117 -0.112 -0.113 -0.108 -0.149 -0.209 -0.197 -0.067 0.019 0.064 0.096 0.125

0.602 4.52 -0.118 -0.131 -0.129 -0.129 -0.124 -0.165 -0.227 -0.213 -0.081 0.006 0.051 0.080 0.109

0.602 5.00 -0.115 -0.127 -0.125 -0.124 -0.119 -0.160 -0.220 -0.207 -0.076 0.010 0.054 0.082 0.110
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Table 24. Concluded

(c) $ = 90 °

Static pressure coefficients for x/Ln of--

M NPR --0.776 43.556 43.070 0.028 0.085 0. i 61 0.278 0.382 0.493 0.6 13

1.270 1.03 43.120 43.127 43.167 43.242 43.334 43.415 43.200 43.101 43.062 43.023

1.272 3.99 43.133 43.141 43.177 43.250 43.343 43.422 43.379 43.170 43.072 43.026

1.271 4.50 43.128 43.136 43.172 43.243 43.337 43.417 43.373 43.143 43.064 43.022

1.271 6.02 43.132 43.141 43.175 43.246 43.340 43.420 43.291 43.107 43.069 43.031

1.271 8.01 43.136 43.144 43.180 -0.248 43.344 43.422 43.152 43.103 43.075 43.034

1.200 0.98 43.138 43.147 43.198 43.282 43.386 43.468 43.161 -0.118 43.086 43.052

1.198 2.98 43.145 43.154 43.207 43.287 43.393 43.477 43.421 -0.202 43.097 43.046

1.201 4.03 43.134 43.143 43.199 43.280 43.384 43.468 43.403 43.147 43.079 43.036

1.201 4.52 43.136 43.145 43.200 43.280 43.385 43.468 43.381 43.133 43.079 43.039

1.201 6.01 -0.138 43.146 43.201 -0.281 43.386 43.468 43.208 43.119 43.086 43.043

1.201 8.02 43.142 43.150 43.206 43.283 43.390 43.470 43.154 43.115 43.089 43.041

0.95 1 1.09 43.252 43.248 43.260 43.365 43.258 43.047 0.02 1 0.057 0.09 1 0.122

0.951 3.02 43.248 43.240 43.233 43.333 -0.227 43.025 0.053 0.094 0.121 0.147

0.950 4.01 43.246 43.236 43.233 43.328 43.218 43.018 0.061 0.102 0.128 0.154

0.950 4.50 43.246 43.234 43.232 43.319 43.203 43.010 0.064 0.106 0.131 0.158

0.951 5.00 43.247 43.238 43.224 43.300 43.189 0.000 0.076 O. 110 O.140 O.165

0.953 7.02 43.250 43.243 43.201 43.244 43.137 0.029 0.097 0.123 0.151 0.178

0.901 1.08 43.190 -0.180 43.254 43.412 -0.343 -0.104 0.029 0.078 0.114 0.139

0.901 1.98 43.178 43.165 43.226 -0.338 -0.261 43.058 0.071 0.117 0.151 0.175
0.903 3.02 -0.178 43.165 43.230 43.355 -0.278 43.069 0.062 0.109 0.142 0.165

0.902 3.99 43.171 43.159 -0.221 43.337 -0.263 43.057 0.074 0.121 0.156 0.180

0.900 4.48 43.179 43.168 43.228 43.339 43.264 43.061 0.068 0.115 0.149 0.175

0.902 5.98 43.173 43.161 43.215 43.308 43.233 43.036 0.088 0.130 0.162 0.188
0.850 1.07 43.169 43.162 43.241 -0.357 43.319 43.128 0.019 0.073 0.108 0.132

0.851 2.02 43.154 -0.143 43.207 43.305 43.264 43.079 0.064 0.121 0.154 0.181

0.851 2.99 43.141 43.132 43.199 43.299 -0.260 43.076 0.067 0.121 0.155 0.179

0.852 3.99 -0.158 43.150 43.214 43.313 -0.273 43.088 0.056 0.111 0.146 0.174

0.852 4.51 43.156 43.146 43.209 43.304 -0.263 43.078 0.065 0.119 0.156 0.184

0.848 6.00 43.151 43.142 43.198 43.286 -0.242 43.060 0.084 O.139 O.172 0.200

0.800 1.06 43.160 43.153 43.228 -0.332 43.309 -0.137 0.008 0.065 0.I00 0.121

0.799 1.99 -0.146 43.137 -0.198 43.287 43.259 -0.092 0.052 0.II0 0.149 0.176

0.800 2.99 43.144 43.136 43.200 43.294 43.268 43.100 0,044 0.I01 0.136 0.162

0.801 4.03 43.141 43.134 -0.195 43.284 43.257 43.088 0.056 0.115 0.153 0.182

0.801 4.52 -0.138 43.130 -0.191 43.281 43.252 43.083 0.062 0,122 0,162 0.191

0.801 5.02 43.137 43.128 43.188 43.274 43.246 43.075 0.071 0.129 0.171 0.200

0.600 1.03 43.137 43.134 43.197 43.277 43.269 43.135 43.002 0.052 0.085 0.102

0.601 2.00 43.125 43.120 43.175 43.249 43.237 43.103 0.031 0.088 0.129 0.160

0.602 2.99 -0.123 43.119 43.176 -0.252 43.240 -0.107 0.026 0.080 0.117 0.141

0.602 4.00 -0.117 43.112 43.167 43.241 43.229 43.094 0.040 0.097 0.139 0.172

0.602 4.52 43.130 -0.126 43.180 -0.251 43.239 43.106 0.034 0.089 0.133 0.171

0.602 5.00 43.128 43.124 43.175 43.249 43.235 43.100 0.041 0.099 0.143 0.184
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Figure 3. Sketch of NVA nozzle, shown with two divergent flap lengths. Dimensions in inches.
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(b) External con|ours of NVA and unvcctorcd VA nozzles.

Figm'c 5. Geometry of VA nozzle.
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Top view showing yaw vector angle

10 o

Top view showing divergent flap length

I
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Aft view inside nozzle
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Figure 7. Sketch of SCF nozzle showing configurations with three divergent flap lengths and two geometric

yaw angles. Dimensions in inches unless otherwise noted.
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Figure 9. Static thrust performance of NVA, VA, and SCF nozzles. 6v,u = 0 °-
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Figure 10. Effect of divergent flap length on static thrust performance of NVA nozzle. 6v,y = 0 °.
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Figure 11. Effect of divergent flap length on static thrust performance of SCF nozzle. 6v,y = 0 °.
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Figure 12. Thrust-minus-nozzle-drag performance for NVA, VA, and SCF nozzles. 6v,u = 0°.
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Figure 13. Summary of thrust-minus-nozzle-drag performance for NVA, VA, and SCF nozzles, div,v -- 0 °.
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Figure 15. Summary of nozzle drag for NVA, VA, and SCF nozzles, tfv,y = 0%
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(a) M = 0.60 to 0.95.

Figure 17. Effect of divergent flap length on thrust-minus-nozzle-drag performance for NVA nozzle. 6v,y = 0°.
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Figure 18. Summary of thrust-minus-nozzle-drag performance for NVA nozzle. 8v,y = 0%
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Figure 19. Effect of divergent flap length on nozzle drag characteristics for NVA nozzle, dfv,v = 0°.
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Figure 20. Summary of nozzle drag characteristics for NVA nozzle. 8v,y = 0°.
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Figure 22. Effect of divergent flap length on thffust-minus-nozzle-drag characteristics for SCF nozzle. 6v,y = 0 °.

86



Nozzle Lf/d t

[F-Dnl/F i

.96

.92

.88

.84

.80

.76

.72

.68

.64

.60

M= 1.20

o

[]

o

! O/
I

I

_ <

- C

/
(

I I I

3

i i

p

!
!

III;111 III

5 7

NPR

SCF

SCF

SCF

0.94

1.20

1.46

M = 1.27

I

! I I I

1

i
i

I
I I I I I I I I I

3 5 7

NPR

9

(t)) _I = 1.20 aiid 1.27.

I"igur(_ 27. (_on('lu(t(_(t.

87



Nozzle Lf/d t

o SCF 0.94

[] SCF 1.20

SCF 1.46

1.00
NPR = 4.51

.96

.92

[F-Dn]/Fi .88

.84

.80

.76
.5 .6 .7 .8 .9 1.0 1.1 1.2 1.3

M

Figure 23. Smnniary of t,hrust-nfinus-nozzlc-drag pcrfornlanc¢' for SCF nozzle, b_,,_j = ()°.
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Figure 29. Static thrust-vectoring performance of VA and SCF nozzles.
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Figure 34. Yaw thrust-vectoring performance for VA and SCF nozzles.
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104



(a) Nozzle windward side.

Figure 35. Flow visualization characteristics for SCF nozzle. 5_,.y = 10°; _1I = 0.7.
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(b) Nozzleleewardside.

Figure35. Continued.
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(e) Nozzletopside.

Figure35. Continued.
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(d) Nozzle bottom side.

Figure 35. Concluded.
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